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How to move with 
andtakeyour 


Introducing the IBM Portable Personal Computer. 



It’s a complete PC. In a case. With a handle. 

And a welcome addition to the family. 

The IBM Portable Personal Computer is 
the first IBM PC system you can pick up and 
take with you. Across town or across the 
hall. Or put away easily for another day. 

It’s a powerful system, with 256KB of 
user memory (expandable to 512KB) 
and a slimline double-sided 514" 
diskette drive (and room for 
another). Plus a built-in 







modern times 
PCwithyou. 


9" monitor with easy-to-read amber 
characters. Text and graphics capability. 
And an 83-key keyboard. 

All fitted into a sturdy, transportable 
case that’s easy to handle. And park. 

The IBM®of portable personal 
computers. Make no mistake about it, 
this is a true IBM PC. 

Which means it is part of the same 
dependable family as the IBM Personal 
Computer, the IBM PC/XT and the new 
IBM PCjr. And that means you can use 
many IBM Personal Computer Software 


programs to help you reach your goals. 

All this and five expansion slots, 
ready to accept expanded memory, 
printers and other useful IBM Personal 
Computer options. Which should keep 
you rolling far into the future. 

Pick one up at a store near you. 
You can see the new IBM Portable 
Personal Computer at any authorized 
IBM PC dealer or IBM Product Center. 

To find the store nearest you, call 
1-800-447-4700. In Alaska or Hawaii, 
call 1-800-447-0890. ======■» 







The birth of 
a new generation. 



A new coal gasification complex opened April of this Our innovations include: an energy-efficient method 

year in Kingsport, Tennessee, making Kodak’s Eastman for producing refined methyl acetate, and a new proc- 
Chemicals Division the first manufacturer in the United ess and catalyst system to produce acetic anhydride. 
States to use modern coal conversion technology to These achievements in chemical engineering and 

produce industrial chemicals commercially from coal. technology are steps in the right direction. Not only for 

This method of manufacturing a new generation of ourselves (as coal gasification appears to be more eco- 

chemicals saves us the equivalent of one million barrels nomical), but for our country, too. We’re now one step 

of oil annually. A fact that makes us pleased. And just a 
little proud. 

Using nearby Appalachian coal mines as a ready 
source of supply, the new plant can gasify about 900 
tons of coal a day. That amounts to annual production 
of around 500 million pounds of acetic anhydride—a 
chemical needed to produce cellulose acetate, used in 
the manufacture of photographic film base, fibers, plas¬ 
tics and other products. Conventional technology, which 
uses ethylene produced from petrochemical feedstocks 
as the raw material, would consume the equivalent 
of a million barrels of oil to achieve the same results. 

While some of the syngas processes were 
developed by others and licensed to 
Eastman Chemicals Division, new 
technological breakthroughs 
developed by us made the 
venture work. 


closer to independence from foreign oil. 

To learn more about construction of a coal-gasification 
facility, write for our brochure “Eastman Chemicals 
from Coal” to Tennessee Eastman Company, Public 
Relations Dept, PO Box 511, Kingsport, TN 37662. 


Kodak. Where technology anticipates need. 



© Eastman Kodak Company, 1984 
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OPINION 


Needed: new ideas 
for the schoolroom 


Education continues to focus on 
stuffing students with facts. Yet it 
is clear that in a future technology- 
based society there will be a much 
greater need for resourceful people 
who can adapt to rapid change. 

Because of growing concern about 
the quality of education, many com¬ 
munities have pushed their schools to "get back to basics.” Al¬ 
though there is a need to do a better job of teaching basic skills, 
this movement will not do enough to prepare youngsters for to¬ 
morrow’s world. In fact, since teaching these skills almost al¬ 
ways entails rote methods, it will likely hinder rather than help 
develop the initiative and creative abilities that will be essential 
for success in the future. 

One step these communities usually make toward innovative 
education involves personal computers. Parents do recognize the 
growing importance of computers in our daily lives. Some ven¬ 
dors, seeing the marketing potential in introducing kids to their 
systems, have been generous with equipment. Unfortunately, the 
computers are often not used innovatively and are usually con¬ 
fined to drill-and-practice programs based on rote learning. 

The computer systems going into thousands of schools have 
the potential for a great variety of rich educational fare, stimu¬ 
lating a student to learn, use initiative, and apply creativity. 

The great success of computer games has demonstrated the de¬ 
gree to which attention can be focused. Yet most educational 
software falls far short of this potential. 

Lacking good software, teachers struggle to get more value 
from the systems by helping students learn programming. But 
this is only a start. Without some challenging goals in the con¬ 
text of enlightened educational reforms, progress will be limited. 
Of course, there will always be a few very bright, self-motivated 
kids who move far and fast on their own, but it is the majority 
of students, not just the exceptional ones, who must be prepared 
to meet the challenges of the future. 

New kinds of courses should also be developed. Simon Ramo, 
retired vice-chairman of TRW, proposes a high school course in 
which students choose a major problem involving technology, 
such as smog in Los Angeles or water resources in Phoenix. 

They would have to define the problem, propose alternate solu¬ 
tions, and then evaluate the potential and implications of each 
solution. They would thus be forced to develop data and to do 
some analysis—on which particulates are harmful and why, for 
example—which would show the students the value of technical 
knowledge and the need for sophisticated tools. 

Educators face a tough task in transforming education. They 
need better support and understanding from their communities. 
And they need assistance from the high technology community, 
which itself could be much more imaginative in helping to devel¬ 
op innovative uses for its products. 


J? 

Robert Haavind 
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Nondestructive testing 

"Uncovering hidden flaws” (Feb. 1984, 
p. 49) did a fine job of focusing on the classic 
use of nondestructive testing technology. 
We at Southwest Research Institute are 
working with new applications of NDT— 
productivity enhancement and component 
life management. These systems are being 
used to extend the life of components in 
operating plants beyond their original de¬ 
sign life, to anticipate and schedule repair 
at regular intervals, and to increase produc- 


ping expendables into lower < 

Neither suggestion is feasible. As to the 
power source, the induction of current in a 
conductor moving through a magnetic field 
is associated with a force resisting that 
motion. This scheme simply converts orbit¬ 
al energy directly into electrical energy. For 
a 100,000-kg spacecraft orbiting at 7500 m/ 
sec, generating 100 kW decreases the orbit¬ 
al energy by about 0.25% after one day. At 
this rate, the scheme could be used on short 
missions tolerating orbital instability but 
not as a primary power source for perma¬ 
nent space stations. 

Regarding the orbital boost concept, this 
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_ . is not "a technical, 

indperhaps financial, disaster . .. that 
does nothing particularly well” ("Super¬ 
fighters,” April 1984, p. 36). It is primarily 
a long-range all-weather interdiction air¬ 
craft. The 2000 pilots and navigators who 
today fly it will tell you that they know of no 
other aircraft—in the West at least—that 
can approach its excellence in any aspect of 
its mission capability, particularly its radi¬ 
us, fuel burn, radar signature, low-level 
terrain maneuvering and speed, navigation 
accuracy, systems redundancy, versatility, 
and smooth ride. 

Bill Gunston 
High Beach, England 
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More bureaucracy? 

I share the concern of the Opinion "Quicker 
solutions for national problems” (May 1984, 
p. 2) that our cumbersome government is ill 
prepared to study and resolve issues of na¬ 
tional importance that involve technology. 
But the proposed public/private advisory 
councils, though excellent forums for gener¬ 
ating innovative ideas, would do little to 
expedite action on these ideas. 

First, government action in executing the 
programs would remain contingent upon 
the federal budget. Therefore all proposals 
would still have to run through the congres¬ 
sional mill, where they would be exposed to 
the special-interest lobbies. 

And if the council implements its own 
programs, what would prevent it from itself 
becoming an inflexible bureaucracy, sub¬ 
ject to the same laws and civil service rules 
that now hamper government agencies? 

Finally, there is no guarantee that coun¬ 
cil members themselves would not develop 
constituencies much like special-interest 
lobbies in Congress. Indeed, lobbyists might 
target council members just as they now 
target members of Congress. 

What is needed instead is a greater 
awareness of scientific and technological 
issues among members of the public. This 
technological literacy, translated through 
the voting booth into a Congress and Presi¬ 
dent who are well aware of technological 
issues and willing to provide strong leader¬ 
ship, remains the best hope for intelligent 
public-sector responses to the increasingly 
difficult issues of our day. 

Michael Shimazu 
Boston, Mass. 


The May Opinion vilifies bureaucracy 
while promoting yet another government 
department. In fact, high technology is lead¬ 
ing us away from federal regulation; setting 
up a Department of Domestic Affairs would 
only shackle technology. We do not need 
advisory groups focusing on change. We 
need individual and group talents directed 
by the free market. Freedom to meet the 
challenge of change, not rampant bureau¬ 
cracy, is what created the U.S. 

Vance L. Shutes, Mfg. Coordinator 
McDonnell Douglas 
Long Beach, Cal. 


Nondestructive testing 

"Uncovering hidden flaws” (Feb. 1984, 
p. 49) did a fine job of focusing on the classic 
use of nondestructive testing technology. 
We at Southwest Research Institute are 
working with new applications of NOT— 
productivity enhancement and component 
life management. These systems are being 
used to extend the life of components in 
operating plants beyond their original de¬ 
sign life, to anticipate and schedule repair 
at regular intervals, and to increase produc¬ 


LETTERS 


tivity in manufacturing industries by re¬ 
ducing the number of rejected components 
(at final inspection) to near zero. Our expe¬ 
rience in these areas includes steam turbine 
rotors, jet engine disks, and metal cutting. 

While conventional nondestructive test¬ 
ing simply looks for flaws, the key to our 
approach is to determine whether a flaw is 
harmful. Therefore equipment with certain 
flaws may remain in service, instead of 
being automatically replaced, because we 
now know that some flaws will not neces¬ 
sarily cause failure. Or, when we find de¬ 
fects that may cause failure, we can predict 
how long the machine can be safely operat¬ 
ed before the defect becomes critical. 

James E. Doherty, Director 
Nondestructive Evaluation Research 
Southwest Research Institute 
San Antonio, Tex. 


Supercritical water 

In your thorough article "Supercritical flu¬ 
ids” (June 1984, p. 75), you briefly discuss 
our research using supercritical water in 
coal conversion. You cited me as saying that 
the use of conventional organic supercriti¬ 
cal media suffers from problems with high 
pressures and corrosion. Actually, it is wa¬ 
ter, not organic media, that can present 
problems with pressures and corrosion. 

However, the somewhat extreme condi¬ 
tions necessary for conversions in water 
may not be necessary. Under the proper 
circumstances, hydrothermal rather than 
strictly supercritical water could be very 
effective in bringing about the reductive 
degradation required for coal conversion. 

David S. Ross, Manager 
Fuel Chemistry Program 
SRI International 
Menlo Park, Cal. 


Tethered satellites 

In "Tethered satellites set for takeoff” (May 
1984, p. 26), you mention supplying the 
"primary power needs of future space sta¬ 
tions” with conductive tethers between sat¬ 
ellites passing through the earth’s magnetic 
field. Tethers are also proposed to boost 
(massive) satellites to higher orbits by drop¬ 
ping expendables into lower ones. 

Neither suggestion is feasible. As to the 
power source, the induction of current in a 
conductor moving through a magnetic field 
is associated with a force resisting that 
motion. This scheme simply converts orbit¬ 
al energy directly into electrical energy. For 
a 100,000-kg spacecraft orbiting at 7500 m/ 
sec, generating 100 kW decreases the orbit¬ 
al energy by about 0.25% after one day. At 
this rate, the scheme could be used on short 
missions tolerating orbital instability but 
not as a primary power source for perma¬ 
nent space stations. 

Regarding the orbital boost concept, this 


makes sense only when the mass ratio of 
booster to payload is much greater than 
unity so that altitude gain is substantial 
and cable weight insignificant. 

Ross R. Allen 
Ramona, Cal. 

It is incorrect to say "a single space vehicle 
in orbit around the earth is in equilibrium.” 
Newton’s first law for "balanced forces” 
states that a body will go in a straight line if 
in uniform motion. So your satellite will go 
off tangentially into space if your conditions 
are true. The orbiting body is actually un¬ 
der centripetal acceleration, which is gravi¬ 
ty, and never subject to centripetal forces. 

Also the wire cutting the magnetic field 
generates only a potential difference end to 
end. If you close the circuit to cause current, 
you will get nothing because the second 
wire generates the same potential differ¬ 
ence, vitiating the current generator. 

R.W. Long 
Moore Haven, Fla. 

Editor’s note: Reader Allen is correct that by 
generating electricity the tethered satellite 
would lose altitude. Orbital energy can be 
restored by burning a small amount of fuel. 
To conserve fuel, solar cells mounted on the 
satellite could feed a reverse current into the 
tether; this current would provide altitude¬ 
boosting thrust as it cut field lines (a genera¬ 
tor run backwards is a motor). 

Allen’s restrictions on the orbital boost 
concept are easily met, NASA says. The 
launching platform (e.g., a space station) 
will ordinarily be much more massive than 
the tethered satellite. 

Reader Long is correct regarding centripe¬ 
tal vs. centrifugal acceleration. 

He is also correct that a second wire to 
complete the circuit would yield zero net 
current. However, no return wire is needed; 
the ionosphere provides a highly conductive 
path to close the circuit. Since the ionospher¬ 
ic current remains fixed relative to the 
earth’s magnetic field, no countervoltage is 
induced. 


Tornado defended 

The Tornado airplane is not "a technical, 
and perhaps financial, disaster . .. that 
does nothing particularly well” ("Super¬ 
fighters,” April 1984, p. 36). It is primarily 
a long-range all-weather interdiction air¬ 
craft. The 2000 pilots and navigators who 
today fly it will tell you that they know of no 
other aircraft—in the West at least—that 
can approach its excellence in any aspect of 
its mission capability, particularly its radi¬ 
us, fuel burn, radar signature, low-level 
terrain maneuvering and speed, navigation 
accuracy, systems redundancy, versatility, 
and smooth ride. 

Bill Gunston 
High Beach, England 
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With HP's broad range of workstations, you can choose the one that best fits your application and budget. From 
personal computers for engineers to desktop mainframes, with beginning prices ranging from $3,950 to $28,250. 


















oductivity Network. 



Presenting your broadest choice of 
engineering workstations anywhere. 
From a low-cost personal computer 
to a powerful 32-bit system. 

No doubt about it; when you put a computer on every engi¬ 
neer’s desk, it helps them be more productive. 

In fact, at Hewlett-Packard, the workstation approach has 
worked so well for our own engineers that we’ve taken it to 
an entirely new dimension. 

It’s called the Engineering Productivity Network. As you 
can see, it includes the broadest range of workstations avail¬ 
able anywhere. From the recently-introduced 32-bit HP 9000 
desktop mainframe to our personal computer designed just 
for engineers. 

With such a wide range to choose from, you can match the 
computing power to the individual task. And give every engi¬ 
neer the tool it takes to do the best possible job. 

To help you tailor every workstation to a task even more 
closely, we have over 200 specific application software pack¬ 
ages. And since our workstations use HP-UX—our enhanced 
version of the UNIX* operating system — we’ll be able to bring 
you a lot more in the future. 

Of course, when you tie all these individually-optimized 
workstations together into a network, you can look for an even 
higher level of performance. Whether you choose our HP-UX 
networking, Ethernet local area network, or Shared Resource 
Manager, your engineers can share data and peripherals, com¬ 
municate much better, and get more done than ever before, 

The HP Engineering Productivity Network. You can start 
with one workstation, or with dozens. But no matter where 
you start, you’re actually making your whole department more 
productive. One step at a time. 

To find out more, just call the nearest HP office listed in 
the white pages of your telephone book, and ask for a 
Technical Computer Representative. Or write to Pat Welch, 
Dept.106189 Hewlett-Packard, 19447 Pruneridge Avenue, 
Cupertino, CA 95014. In Europe, write Henk van Lammeren, 
Hewlett-Packard, Dept.106189, P.O. Box 529, 1180 AM, 
Amstelveen, the Netherlands. 

We’ll be happy to show you how far you can really go with 
a good idea. 

•UNIX is a trademark of Bell Laboratories. 
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UPDATE 


Infrared sensor shows 
where the fish are 

Where warm and cold ocean cur¬ 
rents collide, a kind of ocean 
“wall” forms. Because cold cur¬ 
rents are rich in plankton, such a 
front attracts schools of fish. 
However, these fronts are not 
readily identified from the ocean 
surface. An infrared sensor devel¬ 
oped by Fujitsu makes it easier to 
spot them. The new sensor will be 
aboard Japan’s first marine obser¬ 
vation satellite, the MOS-1, to be 
launched in 1986. The visible and 
thermal infrared radiometer 
(VTIR) will monitor infrared 
waves emitted by the ocean sur¬ 
face. These data can be used to 
make a thermal map of the ocean 
surface, showing ocean fronts and 
other features, thus helping 
fishermen. 

The VTIR detects infrared with 
a highly sensitive semiconductor 
element made of a crystallized 
compound of mercury, cadmium, 
and tellurium. By varying the 
amounts of mercury and cadmium 
in the compound, the semiconduc¬ 
tor can be “calibrated” to detect 
infrared across the band from 1.5 
to 20 microns. 

Efficiency rises 
for solar cells 

Advances in efficiencies for solar 
cells made of crystalline silicon 
(19.1%) and a stacked junction of 
amorphous/polycrystalline silicon 
(12.5%) promise wider use for 
these devices. A group at the 
Univ. of New South Wales in 
Australia found that adding a 
semiconductor p-n junction to a 
metal-insulator-semiconductor 
(MIS) device increased efficiency 
beyond that for either structure 
alone. Other techniques, including 
double antireflective coatings and 
junction passivation, helped boost 



voltage output and cut recombina¬ 
tion losses, so that 19.1% efficien¬ 
cy was reached for a 2 x 2-cm de¬ 
vice. The Australians expect to hit 
20% efficiency by the end of the 
year, according to team leader 
Martin Green. He predicts crystal¬ 
line silicon cells could reach 23% 
in five years. 

An Osaka University group 
built a tandem cell that combines 
amorphous (disordered, or glassy) 
silicon with polycrystalline silicon, 
achieving 12.5% efficiency (see di¬ 
agram). Sunlight passes through 
the thin films of the 0.44-cm 2 tan¬ 
dem cell, and, since each material 
absorbs energy within a different 
portion of the solar spectrum, 
more complete conversion of the 
incident energy is achieved. These 
materials would be suited to low- 
cost commercial processes, accord¬ 
ing to Yoshihiro Hamakawa, lead¬ 
er of the Osaka U. group. 

Chemical method 
improves drug separations 

A simple and sensitive analytical 
tool may prove useful in drug re¬ 
search, treatment, and manufac- 


^ Osaka’s tandem solar cell 


ture. Developed by chemist Wil¬ 
liam Pirkle at the Univ. of Illinois 
(Urbana), the process—high-per¬ 
formance liquid chromatography 
on chiral stationary phases, or 
HPLC-CSP—separates optical iso¬ 
mers (hard-to-isolate chemicals 
that exist in two forms, mirror im¬ 
ages with different properties). 
The FDA is now adapting the 
method to drug studies. 

A tiny sample is passed 
through a column containing a 
chemical (the stationary phase) 
that is itself optically active. One 
optical form of the drug being 
tested temporarily attaches to the 
stationary phase; the other form 
passes through the column for 
collection and analysis. 

Of the 20 most prescribed 
drugs, 12 exist in two optical 
forms (a property called chirality), 
denoted right- and left-handed. 

The left-handed form of the hy¬ 
pertension drug propranolol, for 
example, is 100 times more potent 
than the right-handed form. And 
only one form of the drug thalido¬ 
mide caused the birth defects that 
became evident in the early 1960s. 
Many mixed solutions of such 
molecules can be analyzed by 
passing polarized light through 
them. A right-handed molecule ro¬ 
tates the beam in one direction, 
while the left-handed form rotates 
the beam in the opposite direction. 
But this method is not always reli¬ 
able, and it requires relatively 
large samples. 

Because HPLC-CSP uses very 
small samples, it may be especial¬ 
ly helpful in monitoring drug 
therapies, according to FDA chem¬ 
ist Thomas Doyle. The process is 
being scaled up for drug produc¬ 
ers, enabling them to isolate the 
desired form during production. 
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M Scanning electron micrographs (8000x) 
of identical microcircuits show the improved 
structural definition (right) permitted by 
GE’s photo-bleachable dye. 



A “photo-bleachable” dye 
oped at the General Electric R&D 
Center (Schenectady, N.Y.) per¬ 
mits existing semiconductor pro¬ 
cess equipment to halve the cir¬ 
cuit linewidths it can currently 
produce. The dye also helps pro¬ 
duce chips with more precisely de¬ 
fined microstructures, resulting in 
improved operation. Using the 
dye, GE has fabricated experimen¬ 
tal microcircuits with linewidths 
of 0.4 microns and will begin pro¬ 
ducing 1.2-micron commercial 
chips later this year. Most com¬ 
mercial chips now have 2- to 4-mi¬ 
cron linewidths. 

In chip production, various 
types of optical systems project 
the image of a circuit pattern 
(contained on a photo negative¬ 
like “mask”) onto a semiconductor 
coated with a light-sensitive pho¬ 
toresist. As circuit sizes shrink, 
the resolution capabilities of the 
projection lenses become strained, 
causing fuzzy images and poor 
circuit definition. The GE dye, ap¬ 
plied to the wafer prior to expo¬ 
sures, is able to redefine these 
blurry images by changing from 
opaque to transparent at locations 
struck by high-intensity light. Be¬ 
cause light intensity is greatest at 
the center of the blurred projec¬ 
tion lines, the bleached areas 
serve as windows that resharpen 
the definition of the light passing 
through to the photoresist. The 
result is improved definition be¬ 
tween areas with circuitry (un¬ 
lighted) and areas without circuit¬ 
ry (lighted). 


Program spots bugs 

in milling routines 


A computer program developed 
by Sandia National Laboratories 
(Albuquerque, N.M.) can prevent 
damage to machine tools and met¬ 
al parts by subjecting newly de¬ 
vised automated machining rou¬ 
tines to “dry run” simulations. 

The program, called Multax-Plot, 
provides visual verification that 
numerical instructions for machin¬ 
ing a complex part are correct 
and workable before any material 
is actually cut. Until now, detect¬ 
ing bugs ahead of time has been 
difficult because the instructions 
for a part may require over 5000 
lines of computer code. 

Multax-Plot displays are shown 
in perspective on a color graphics 
terminal. The user can view any 
point of a part from any angle 
and can scale up small areas. The 
program can draw the entire path 
of the cutter or any portion of it. 
An “inspect” mode allows all mo¬ 
tions and command data to be ex¬ 
amined one step at a time. The 
cutter path is normally shown as 
a single line in 3-D space, but the 
cutting diameter at a given point 
can also be displayed. 

Colors are used to contrast feed 
rates, cutter outlines, machine 
limits, and reference axes. Future 
versions of the program will be 
able to show the position of the 
tool in relation to the part; the dis¬ 


play will include the tool head, the 
table orientation, the tool axis, 
and other features. 

Computerized scanner 

foils counterfeiters 

Product counterfeiting is a grow¬ 
ing problem for many manufac¬ 
turers—more than $20 billion 
worth of counterfeit products 
were confiscated in 1981. Fakes 
are often so convincing that they 
cannot be detected by visual in¬ 
spection alone. Now a computer¬ 
ized scanning system, developed 
by Light Signatures (Los Ange¬ 
les), promises to help stem the 
tide of fraudulent goods. 

An intense beam of light is 
passed through an existing prod¬ 
uct label or document. Then a 
computer measures light intensity 
at random points along the illumi¬ 
nated spot and converts the data 
into a code that is printed on the 
label. Because the random fiber 
patterns in leather or paper are as 
individual as fingerprints, each la¬ 
bel is given a different identifica¬ 
tion number. The system, which 
can scan and imprint 100,000 la¬ 
bels per hour, employs random al¬ 
gorithms that are changed fre¬ 
quently to thwart electronic 
intruders. 

Once the products have been 
distributed to retail outlets, cus¬ 
tomers or manufacturer represen¬ 
tatives mail the labels to the 
Light Signatures facility. There 
the labels are passed through a 
scanner that matches the fiber 
pattern with the identification 
number in about four seconds, en¬ 
abling manufacturers to verify 
their authenticity. The system can 
protect clothing, records, jewelry, 
accessories, credit cards, ID cards, 
documents, works of art, and pa¬ 
per currency. 
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INSIGHTS 



Leadership is the best defense 

by Roland W. Schmitt 

Senior Vice-President, Corporate Research and Development 
General Electric Company 


T he United States may have superi¬ 
or technology, but too often we 
find that the Soviet Union has superior 
weapons. We are good at generating 
new technology but often slow to apply 
it. The Soviets, meanwhile, are good at 
extracting technology from us and de¬ 
ploying it rapidly. 

To correct this situation, we must do 
two things: prevent them from getting 
our technology and speed up our own 
deployments. But that is like saying 
that to win in sports you must score a 
lot of points and prevent your oppo¬ 
nent from scoring. There is more to it. 

It makes a big difference, for exam¬ 
ple, whether you are playing football 
or basketball. The balance between of¬ 
fense and defense is vastly different in 
the two. In basketball, unlike football, 
you cannot indefinitely strengthen the 
defense without weakening the of¬ 
fense. The same holds true for our 
technological battle with the Soviets. 
An obsession with a defensive strate¬ 
gy—with preventing leakage of our 
technology—will cripple our offense, 
our ability to remain the leader in 
generating new technology. 

Nevertheless, a change in the bal¬ 
ance between a leadership strategy 
and a protective strategy—with an em¬ 
phasis on the latter—is currently be¬ 
ing proposed. In the past, we essential¬ 
ly put a fence of export restrictions 
around the Soviet Union and Eastern 
Bloc countries to keep technology out. 
The new strategy would put the fence 
around the United States to try to keep 
technology in. 

Such a change has vast implications, 
not only for our national security but 
for our international economic com- 


This article is adapted from a recent 
presentation to the Meeting on Export 
Controls and Technology Policy at the 
National Academy of Sciences. 


petitiveness as well. Open communica¬ 
tion of innovative ideas has helped 
keep us in the forefront in science and 
technology. We must therefore look 
very closely at the rationale behind 
the new strategy. There are four key 
issues: dual use, or the extent to which 
the same technology can be used in 
both military and civilian applications; 
military criticality; foreign availabil¬ 
ity; and effectiveness of technology 
transfer. 

T he dual-use issue is as old as tech¬ 
nology itself: as old as the swords 
and spears that the prophet Isaiah pro¬ 
posed pounding into plowshares and 
pruning hooks; as old as the telescope 
that a couple of lens grinders in Hol¬ 
land invented as a means to spy on 
their enemies but that Galileo turned 
into something very different. 

It wasn’t so long after Galileo’s day 
that military telescopes and those used 
by astronomers began to diverge. Gen¬ 
erally speaking, dual use diminishes as 
you go from fundamental science to¬ 
ward final application. 

Consider the example of very large- 
scale integrated (VLSI) circuits. At the 
level of basic science, the things one 
has to learn about—such as diffusion 
constants, carrier mobilities and life¬ 
times, and hot electron effects—are 
clearly generic to all possible applica¬ 
tions. Dual use is complete. The same 
goes for the next stage, engineering 
principles, in which steps such as ion 
implantation or photolithography are 
common to military and civilian tech¬ 
nologies. Dual use also persists to a 
large extent in the fabrication process¬ 
es for VLSI. 

But by the time you reach the appli¬ 
cation stage, the chips used in military 
systems are likely to differ from the 
ones used in commercial products. 
Popular press reports to the contrary, 


it’s unlikely that a chip from a video 
game could really serve as the critical 
part of a missile guidance system. 

In the final stages of military deploy¬ 
ment of technology, the Soviets have in 
many cases been faster than us, as I 
suggested earlier. And recently they 
have appeared to be improving further 
upstream—in the direction of engi¬ 
neering principles and fundamental 
science—giving rise to demands for 
more controls at the early stages. 

I believe that these demands are 
misguided, however, and that they 
would cost us more in leadership than 
they would gain us in protection. Dual 
use is not sufficient reason to encum¬ 
ber technology development, par¬ 
ticularly at the fundamental science 
and engineering stages. It is only in 
the areas from engineering prototypes 
downstream to specific applications 
that controls should be considered. 

One particularly dangerous propos¬ 
al would put new limits on research by 
foreign nationals. Ironically, such peo¬ 
ple perform a very high percentage of 
the research at American universities. 
A recent study by the National Re¬ 
search Council found that half of the 
U.S. engineering doctorates awarded 
in 1982 were received by foreign na¬ 
tionals and that 39% of those degrees 
went to people on temporary visas. 

I can think of nothing that would do 
more damage to American leadership 
in science and technology than cutting 
ourselves off from this source. In fact, 
foreign nationals should be encouraged 
to participate in fundamental research 
in the U.S. Even in some of the more 
applied fields, the need for skilled peo¬ 
ple is so urgent that I believe the De¬ 
partments of State, Defense, and Com¬ 
merce should find ways to open the 
doors of engineering laboratories to 
foreign nationals who can be adequate¬ 
ly screened. 
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INSIGHTS 


M ilitary criticality must not be 
confused with military utility. A 
militarily critical technology gives a 
nation’s armed forces a new capability 
that could change the military bal¬ 
ance. By contrast, a militarily useful 
technology makes only an incremental 
improvement, by either upgrading per¬ 
formance or enabling a nation to pro¬ 
duce more of the weapons it already 
possesses for less money or in less time. 

The Department of Defense has com¬ 
piled a 700-page "Militarily Critical 
Technologies List.” Its name suggests 
that this distinction has been taken 
into account. But in fact, the list is a 
combination of militarily critical and 
militarily useful technologies. 

As I see it, that list has two purposes. 
The first, which the present list fulfills 
admirably, is to alert the Department 
of Commerce to sensitive areas; the 
Department of Defense may then re¬ 
view proposed licenses for export of 
technical data to communist countries. 
Remember that all such export to 
those countries is already controlled. 
The full list simply makes control 
more effective by highlighting technol¬ 
ogy with military applications. 

The list’s other purpose is to control 
technology exports to noncommunist 
countries. In that regard, the present 
list is far too inclusive. It would put 
severe restrictions on sharing of many 
militarily useful technologies with 
those nations. This would hurt us both 
economically and technically. These 
two liabilities would, in my view, out¬ 
weigh the benefits of the restrictions. 

So we need a second version of the 
"Militarily Critical Technologies 
List”—one that includes only the tech¬ 
nologies that its name implies. If a 
technology is found to be militarily 
useful but not critical, its export to 
noncommunist nations should not be 
subjected to the strictest controls. 

T he issue of foreign availability is 
really two questions: What does it 
actually mean, and what impact does it 
have? Foreign availability can be de¬ 
fined so narrowly that you find no such 
technology anywhere. The essential 
thing, however, is not carbon-copy 
availability but functional equiva¬ 
lence: Can the technology available 
overseas do the same job as the one 
available here? 

Two computer memory chips, for ex¬ 
ample, might be deemed functionally 
equivalent if they both pack the same 
number of bits onto the same area of 
silicon with the same access time, even 
if they achieve this by totally different 


processes and design rules. The real 
question is whether the military func¬ 
tion can be accomplished in an equiva¬ 
lent way by a different technology 
available from a source other than the 
United States. 

This concept of functional equiva¬ 
lence has been written into proposals 
for updating the Export Administra¬ 
tion Act, and I believe it belongs there. 
But we must also raise the question of 
impact. If a friendly nation already 
has a technology capability, we can 
gain more by including them within 
the fence than by shutting them out. 
Therefore I recommend that we permit 
general licenses on exports to friendly 
nations for technology that is available 
to them anyway, and that we use bilat¬ 
eral agreements to strengthen con¬ 
trols—to keep that technology from 
going beyond those countries to the 
Communist Bloc. 

S uppose a technology meets all three 
criteria discussed so far—it has 
dual use, is militarily critical, and 
is not available overseas. Then there 
is one more issue to be considered 
in applying controls: effectiveness of 
technology transfer. 

In the case of VLSI design and 
process technology, for example, we 
should be highly concerned about the 
Soviets’ acquisition of know-how and 
equipment that pertain to photolithog¬ 
raphy systems, steppers, ion implant- 
ers, and computer-aided design termi¬ 
nals and computers. We should also 
put strict controls on such things 
as equipment design drawings. Once 
again, the fence must enclose other 
friendly nations, not the U.S. alone, 
because many of them are producing 
equipment as sophisticated as our own. 

In considering the effectiveness of 
transfer methods, VLSI presents a spe¬ 
cial problem. Chips are so small that 
we must assume they will be stolen, 
even if classified. Thus an additional 
measure would be to make the chip 
immune to reverse engineering—to be¬ 
ing taken apart layer by layer to find 
out how it was designed and made. 

But having put such defenses in 
place, we will do ourselves no good by 
attempting to further restrict scientif¬ 
ic and engineering communication. 
The free flow of such information helps 
us much more than it helps our adver¬ 
saries. Excessive restrictions would 
buy us little protection in exchange for 
great damage to the creative process 
by which Western industrial nations 
have attained and maintained techno¬ 
logical leadership. □ 
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MILITARY/AEROSPACE TECHNOLOGY 


U.S. REVIVES 
SPACE NUCLEAR POWER 



A compact nuclear power plant is linked by a boom to an orbiting space station in 
this artist’s conception. The reactor is the white-hot cylinder at the tip of the cone; 
the white ring behind it is a radiation shield. The red-hot panels make up the radia¬ 
tor, which discharges waste heat into space. 


Orbiting reactors 
could fuel_ 

space stations, 
satellites, and 
laser weapons 


T he nuclear industry may be in 
financial trouble on earth, but its 
future looks bright in space. After a 
hiatus of more than a decade, the Unit¬ 
ed States is embarking on a new pro¬ 
gram to develop space nuclear reactors 
for a variety of military and civil¬ 
ian applications. On February 11, 
1983, three U.S. government agen¬ 
cies—NASA, the Dept, of Energy (DOE), 
and the Defense Advanced Research 
Projects Agency (DARPA)—signed a 
Memorandum of Agreement to jointly 
manage a space-reactor R&D program 
known as SP-100. This effort has a 
near-term goal of developing a 100- 
kilowatt space reactor, and a longer- 
term objective of a multimegawatt 
space reactor. According to DARPA’s 
William Wright, director of the SP-100 
Program, between five and 10 of the 
lower-power reactors could be in orbit 
by the year 2000. 

In fiscal year 1984, total funding for 
the 100-kilowatt reactor project was 
$13.6 million; the official request for 
FY85 is $16 million ($8 million for 
DARPA, $4.1 million for DOE, and $3.9 
million for NASA). Recently the FY85 
DARPA funding share was incorporat¬ 
ed into the budget request for Presi¬ 
dent Reagan’s Strategic Defense Ini¬ 
tiative, which calls for development of 
a nationwide antiballistic missile sys¬ 
tem based on lasers and particle beams 
in space. These futuristic "star wars” 
weapons would require many hun¬ 
dreds of megawatts of electric power, 
which might eventually be supplied by 
large space-based nuclear reactors. 

Critics of the renewed effort to devel¬ 
op space reactors have raised concerns 
about safety, pointing to incidents in 
1978 and 1983 when Soviet nuclear- 


by Jonathan B. Tucker 


powered satellites accidentally reen¬ 
tered the atmosphere and contaminat¬ 
ed the environment with radioactive 
fission products. But SP-100 officials 
reply that safety is a major priority of 
current R&D efforts and that the risks 
can be reduced to acceptable levels. 

History. Space nuclear power is not 
a new idea. Throughout the 1950s and 
’60s, the United States developed nu¬ 
clear systems for rocket propulsion 
and for generating electric power in 
space. Radioisotopic thermoelectric 
generators (RTGs), which produce elec¬ 
tricity with heat from the decay of a 
radioactive isotope, have been widely 
used on satellites and deep space 
probes such as the Viking mission to 
Mars. Unlike RTGs, space reactors har¬ 
ness the energy released by a nuclear 
chain reaction and hence are capable 
of much higher power levels. 

The use of fission reactors in space 
was pioneered by the U.S. Systems for 
Nuclear Auxiliary Power (SNAP) pro¬ 
gram, which began in 1955. Although 
six reactors were developed, only one 
was actually flight-tested: The SNAP- 
10A reactor was launched into orbit 
on April 3, 1965, and generated 500 


watts of continuous power for an 
Agena spacecraft; it shut down after 43 
days because an electronic circuit mal¬ 
functioned. The SNAP program was 
terminated in 1973 after the expendi¬ 
ture of several hundred million dollars 
because constraints on payload size 
kept electric-power needs in space lim¬ 
ited to a few kilowatts. Today, how¬ 
ever, the advent of the Space Shuttle 
has made it economically feasible to 
launch into orbit larger, more sophisti¬ 
cated spacecraft that consume high 
levels of electric power, arousing re¬ 
newed interest in space reactors. 

The Soviet Union has also been in¬ 
volved in space nuclear power since 
the 1960s. It has developed both RTGs 
and two types of fission reactors known 
as Romashka and Topaz, with estimat¬ 
ed power outputs of 10-40 kilowatts. 
These reactors have been used to pow¬ 
er Cosmos radar ocean-reconnaissance 
satellites (rorsats), which circle the 
earth in a low orbit of about 150 miles 
and monitor naval surface vessels. 
Ever since the accidental reentry of a g 
Cosmos satellite in early 1983, howev- | 
er, no additional Soviet space reactors I 
have been deployed. 


HIGH TECHNOLOGY/AUG 1 























The uses 


Summary: 

Even the smoothest voice is dis¬ 
continuous, especially in con¬ 
versation. Data communications 
has bursts of message and peri¬ 
ods of silence, too. Even TV has 
some “bursty” traits. GTE scien¬ 
tists are isolating silences and 
inserting other messages into 
them. This permits voice and 
data to coexist on the same 
channel at the same apparent 
time. The development stems 
from parallel research in mi¬ 
croelectronics, silence detec¬ 
tion, speech, voice compression 
and signal processing. 

Without basic change, or vast 
growth, telephone networks will be 
unable to cope with the anticipated 
traffic of the 1990’s. The prolifera¬ 
tion of personal computers and data 
terminals has already placed a strain 


on switching and transmission facili¬ 
ties. It has also placed demands on 
networks that are much different 
from the original voice-communica¬ 
tions concept, in which average time 
of connection was three minutes. 

Today, far shorter and far longer 
connections abound, more subscriber 
lines are in demand, and there are 
growing needs for enhanced services 
and faster switching. 

Out of research dating from 1979, 
GTE has developed a switching sys¬ 
tem that promises not only to triple 
present transmission capacity but 
also to process calls 20 times faster. 
The system is called Burst Switching. 

The nature of speech. 

Our world is full of holes. Matter is 
mostly empty space. Conversation is 
mostly silence. But, even though 
speech is 2/3 silence interspersed 
with bursts of sound from 0.1 to 1.5 
seconds long, if that speech goes over 
a telephone line, the line is locked up 
for the duration. 


But, with Burst Switching, we can 
shoehorn other messages into the si¬ 
lences, automatically easing the 
pressure on transmission facilities. 
Theoretically, in fact, we triple 
transmission capacity. 

VHSIC. 

Through Very High-Speed Inte¬ 
grated Circuits (in which we are cur¬ 
rently researching devices with 
submicron feature size), we are able 
to make and break telephone con¬ 
nections at increasingly high speeds. 
Voice lines need be dedicated only 
for the very brief duration of voice 
bursts. At other times, channels are 
available for other voice messages, 
or for data streams which are also 
“bursty” in nature. In addition, 
video, because of its built-in redun¬ 
dancy, can be considered to have 
bursts, too. 





of silence. 


Message compression. 

The capacity needed to transmit 
speech can be made even smaller if 
the information that must be sent to 
make it recognizable can be mini¬ 
mized. Our scientists have reduced 
the 64 kb/s signals to 16 kb/s while 
retaining high quality. 

Thus, transmission-capacity re¬ 
quirement is reduced by a factor of 
four. 

We are working, as well, on tech¬ 
niques for compressing video signals 
from 90 Mb/s to 64 kb/s. This will 
have special relevance for such ac¬ 
tivities as video conferencing. 

So transmission capability grows 
and switching becomes faster—and 
we can now envision future tele¬ 
phone systems able to carry billions 
of simultaneous calls. 


The box at the right lists some of 
the pertinent papers GTE people 
have published on Burst Switching 
and related subjects. For any of 
these, you are invited to write GTE 
Marketing Services Center, Depart¬ 
ment TPIIB, 70 Empire Drive, West 
Seneca, NY 14224. 



Burst Switching experimental model. 


Pertinent Papers. 

Burst Switching-An Introduction, 
IEEE Communications Magazine, 
November 1983. 

New Switching Concept Integrates 
Voice and Data Bursts, PROFILE, 
September 1983. 

A PCM Frame Switching Concept 
Leading to Burst Switching Network 
Architecture, IEEE Communications 
Magazine, September 1983. 
Application of the Burst Switching 
Technology to the Defense Communi¬ 
cations System, Proceedings 1983 
IEEE Military Communications Con¬ 
ference, MILCOM ’83, Washington, 
D.C. 

Performance Evaluation of a Distrib¬ 
uted Burst-Switched Communications 
System, Proceedings Second Annual 
Phoenix Conference on Computers 
and Communications, March 1983. 

A Complementary Speech Detection 
Algorithm, Proceedings of GLOBE- 
COM ’83, November 1983. 
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In Burst Switching, the roughly 65% silence in speech 
can be filled with data streams and other messages, 
effectively tripling transmission capacity. 











MILITARY/AEROSPACE TECHNOLOGY 


Applications. Fission reactors are 
the technology of choice for generating 
large amounts of electricity in space. 
Alternative sources are limited in pow¬ 
er output and longevity: RTGs have an 
output of about 10 kW when used to 
operate a turbine, fuel cells can gener¬ 
ate 15-20 kW but have a short lifetime, 
and solar photovoltaic arrays reach 
their practical limit at about 75 kW. 
Because solar arrays for generating 
high power levels must be very large, 
they create drag against the outer 
fringes of the atmosphere in low earth 
orbit, requiring the expenditure of 
large amounts of rocket fuel to keep the 
spacecraft aloft. Moreover, solar panels 
are degraded by intense radiation envi¬ 
ronments such as the Van Allen Belts 
around the earth, and they perform 
poorly in deep space (beyond Mars) be¬ 
cause of the low intensity of sunlight. 

NASA is therefore interested in 
space reactors for future missions in 
which solar panel/battery systems are 
not practical. Potential applications 
include large space platforms in geo¬ 
synchronous orbit, spacecraft operat¬ 
ing in intense radiation environments, 
nuclear electric propulsion for deep 
space probes, long-term lunar and 
planetary bases, space industrial appli¬ 
cations (such as crystal growing and 
containerless melting of glass for fiber 
optics), asteroid mining, and advanced 
manned space stations in low earth 
orbit. "The first space station will re¬ 
quire about 75 kilowatts, which will be 
supplied with solar cells. But pretty 


soon it’s going to need 200-300 kilo¬ 
watts, and then they’re going to have 
to consider a nuclear power plant,” 
says Judith Ambrus, the SP-100 deputy 
program manager from NASA. 

Emerging military missions in space 
will also require high levels of electric 
power. Upgraded military satellites 
are now being planned for command, 
control, communications, and intel¬ 
ligence (C 3 I) applications, including 
jam-free communications with mobile 
ground stations, and space-based ra¬ 
dars for air defense and ballistic mis¬ 
sile tracking. In principle, compact, 
shielded reactor power sources could 
make military satellites tougher and 
more maneuverable and hence better 
able to survive an antisatellite (ASAT) 
attack than spacecraft equipped with 
bulky, fragile solar panels. (Although 
space reactors would radiate large 
amounts of waste heat, making them 
easy targets for homing infrared ASAT 
weapons, any operating satellite has a 
bright infrared signature when com¬ 
pared with the frigid background of 
space.) The primary military applica¬ 
tion of multimegawatt space reactors 
would be to power space-based beam 
weapons for ballistic missile defense. 

Development. According to the 
working specifications for the 100-kW 
reactor, it should fit into a third of the 
Space Shuttle payload bay (20 x 15 
feet), weigh under 3000 kilograms, and 
have an operating lifetime of at least 
seven years. Three alternative designs 
for compact space reactors are now 


under consideration. General Elec¬ 
tric’s Space Systems Div. (Valley 
Forge, Pa.) has proposed a reactor that 
can generate electricity either with a 
dynamic Stirling-cycle turbine or with 
a static conversion system in which 
thermoelectric devices are radiatively 
heated by a lithium-metal working flu¬ 
id, flowing in vapor phase through 
heat pipes attached to the reactor. The 
second design, from GA Technologies 
(San Diego—formerly General Atom¬ 
ic), uses a thermionic conversion sys¬ 
tem in which a tungsten cladding over 
the nuclear fuel is heated by the chain 
reaction to about 2000° F; electrons 
boil off the metal and collect at an 
anode, producing electric current. The 
third design, submitted by Rockwell 
International’s Energy Systems Group 
(Canoga Park, Cal.), is based on a three- 
piston Stirling engine. A decision on 
which design will proceed into ground- 
demonstration trials will be made by 
July 1985; a reactor prototype should 
be completed by the late 1980s, and 
flight testing from the Space Shuttle 
could begin by the mid-1990s. 

No matter which design is chosen, 
the severe constraints on reactor mass 
and volume will require the use of high 
temperatures, creating materials chal¬ 
lenges. Improvements will be needed 
in nuclear fuel composition, cladding 
materials and geometries, and struc¬ 
tural materials for the reactor and 
conversion systems. Current research 
is focusing on high-strength, high-tem- 
perature refractory alloys such as nio¬ 
bium-zirconium. Extensive studies will 
be required on the fabrication and 
welding of these alloys, their long-term 
mechanical behavior under high tem¬ 
peratures and intense radiation, and 
chemical interactions among the vari¬ 
ous reactor materials—for example, 
uranium oxide fuel, refractory-alloy 
cladding, and liquid-metal coolant. 

Multimegawatt space reactors will 
most likely require a different set 
of technologies. NASA-Lewis Research 
Center (Cleveland) is doing a classified 
study to identify viable reactor and 
energy-conversion concepts for multi¬ 
megawatt systems and to estimate 
their physical size and mass, opera¬ 
tional characteristics, and launch-ve¬ 
hicle requirements. A design concept 
will be selected by 1991. 

Safety concerns. Space reactors 
will clearly have to possess strong and 
inherent safety features. Public con¬ 
cern over safety has been heightened 
by the fact that the U.S. and Soviet 
space nuclear programs have already 
experienced some serious accidents. 



1 year 7-10 years 


1 minute 1 hour 


1 day 1 month 

Use duration 

Analysis of applicability of different generating technologies to space missions of 
various electric-power requirements and orbital durations indicates that nuclear re¬ 
actors are best for supplying high power levels over long periods. 
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Between 1961 and 1982, the United 
States launched 24 RTGs and one reac¬ 
tor, and the Soviets deployed three 
RTGs and 25 reactors, 70% on military 
missions, according to data from the 
Stockholm International Peace Re¬ 
search Institute. During this period, 
five accidents occurred, three of which 
resulted in the release of radioactive 
material into the environment: 

• On April 21, 1964, a U.S. Navy 
Transit satellite was launched carry¬ 
ing a SNAP-9 A RTG with a plutonium- 
238 power source. The spacecraft 
failed to attain orbit and burned up in 
the atmosphere over the Indian Ocean, 
reportedly releasing 17,000 curies of 
radioactivity. Roughly 95% eventually 
fell to earth, causing an estimated 
threefold increase in the global inven¬ 
tory of plutonium fallout. 

• On January 24,1978, a Soviet mili¬ 
tary ocean-surveillance satellite, Cos¬ 
mos 954, accidentally reentered the 
earth’s atmosphere and partially 
burned up, strewing large chunks of 
radioactive debris over parts of north¬ 
ern Canada. Had the reactor disinte¬ 
grated over a populated area, the re¬ 
sults would have been catastrophic. 

• On February 7,1983, another Sovi¬ 
et nuclear-powered surveillance satel¬ 
lite, Cosmos 1402, reentered the atmo¬ 
sphere over the South Pacific. This 
time the reactor was designed to burn 
up during reentry, but it still contami¬ 
nated the environment with radioac¬ 
tive fission products. 

Chastened by the international up¬ 
roar that followed the Cosmos inci¬ 
dents, SP-100 officials are making a 
concerted effort to ensure that the next 
generation of space reactors will be 
safe. According to Gary Bennett, direc¬ 
tor of safety and nuclear operations in 
DOE’s Office of Special Nuclear Proj¬ 
ects, the reactor will be launched 
"cold”: Nuclear fission will begin only 
after orbit has been attained. Thus the 
reactor will not contain any highly 
radioactive fission products at the time 
of launch. 

Space reactors will also be designed 
so that if the rocket explodes or 
the mission is aborted shortly after 
launch, the nuclear material will be 
contained inside the reactor and will 
remain subcritical—incapable of sus¬ 
taining a nuclear chain reaction. This 
requirement must hold even if the nu¬ 
clear fuel is immersed in water (say, 
after jettison of the reactor into 
the ocean) or severely compressed by 
ground impact. One approach under 
study is to place a neutron-absorbing 
plug into the reactor core. The plug, I 


which would "poison” the chain reac¬ 
tion, would be removed when the reac¬ 
tor had reached a safe orbit. 

According to SP-100 director Wright, 
the U.S. does not intend to place nucle¬ 
ar-powered satellites in low earth or¬ 
bit. "We expect that for virtually all 
applications, it will be acceptable to 
put the reactor into a 'nuclear-safe’ 
orbit that should ensure that most of 
the fission products decay before the 
spacecraft reenters the atmosphere,” 
he says. A nuclear-safe orbit has an 
altitude of about 500-600 miles, high 
enough so that atmospheric drag is 
minimal and the orbit decays very 
slowly over at least 300 years. 

Because manned space stations will 
be deployed in low earth orbit, NASA is 
seeking a safe way to provide them 
with nuclear electric power. One idea 
is to place the reactor in a high, nu¬ 
clear-safe orbit and transmit the power 
down to the space station by physical 
tether or microwave beam. Alterna¬ 
tively, the reactor in high orbit would 
split water to produce oxygen and hy¬ 
drogen fuel, which would then be fer¬ 
ried down to the space station. 

If all space reactors were deployed in 
nuclear-safe orbits, the major safety 
hazard would arise from a rocket-stage 
malfunction that prevented the reac¬ 
tor from reaching its intended altitude, 
causing it to enter an unstable or¬ 
bit and eventually reenter the atmo¬ 
sphere. Two solutions to this problem 
are currently under study. One ap¬ 
proach is to design the reactor so that it 
disassembles spontaneously and burns 
up fully in the upper atmosphere, dis¬ 
persing the nuclear fuel as a fine dust 
over a large area so as to minimize the 
radiological hazard. The other ap¬ 
proach is to allow the reactor to reen¬ 
ter intact, with a radio beacon on board 
so that it can be found quickly. 

Despite SP-100 officials’ intensive ef¬ 
forts to ensure the safety of space reac¬ 
tors, skepticism remains high among 
critics such as Robert M. Bowman, 
president of the Institute for Space 
and Security Studies (Potomac, Md.). 
He notes that reentry of the intact 
reactor could be hazardous if it hit the 
ground, and that reactor burn-up and 
dispersal of the uranium fuel would 
create a fallout hazard. Bowman has 
therefore urged that an environmental 
impact study be done to evaluate the 
potential risks of orbiting reactors 
before intensive work on nuclear- 
powered satellites gets underway. □ 


Jonathan B. Tucker is a senior editor of 
HIGH TECHNOLOGY. 
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ELECTRONIC MAIL 
SPARKS INTEREST 


Proliferating 
micros plus 
promotional push 
boost messaging 
systems 

A fter cycling in and out of business 
favor for close to 20 years, elec¬ 
tronic mail is set to establish its pres¬ 
ence once and for all. The technology, 
in its broadest sense, encompasses all 
types of electronic messaging, includ¬ 
ing facsimile transmissions, telexes, 
Mailgrams, and voice. In recent years, 
however, electronic mail has increas¬ 
ingly been associated with text mes¬ 
sages transmitted between users of 
networked computers. 

Such computer-based messaging sys¬ 
tems (CBMSs) fall into three broad cate¬ 
gories: services, software, and hybrids. 
The oldest are the services, available 
through timesharing vendors or value- 
added network companies (which aug¬ 
ment public networks). Software sys¬ 
tems, which include both applications 
packages and turnkey hardware/soft¬ 
ware solutions, have been commercial¬ 
ly available for three years (although 
proprietary systems existed long be¬ 
fore that). Hybrids, which mix elec¬ 
tronic inputs with paper delivery 
options, are the newest alternative 
gaining attention. 

Unlike the more traditional elec¬ 
tronic messaging systems, the newer 
electronic mail technologies usually 
incorporate store-and-forward capabil¬ 
ities, analogous in a sense to paper- 
based mail services. The time a tradi¬ 
tional postal service uses to process 
and forward messages may be consid¬ 
ered storage. In electronic mail sys¬ 
tems, sending messages takes micro¬ 
seconds, and the messages are stored 
on magnetic disks until the recipients 
choose to access them. 

Electronic mail vendors hope to ex¬ 
ploit two recent developments to 
secure a more stable niche for their 


by H. Paris Burstyn 


products in the business world. One 
development is the proliferation of mi¬ 
crocomputers in offices everywhere, 
thanks in part to the micro’s ability to 
double as a terminal linked to a host 
computer. Micro users have begun to 
appreciate the ability to communicate 
with others via an electronic network. 
Such communication is one more soft¬ 
ware application helping to justify the 
cost of microcomputer hardware at 
many sites. 

The other development likely to 
stimulate acceptance of electronic 
mail is the huge advertising campaign 
for MCI Mail. When the MCI Digital 
Information Service Co., a division 
of MCI Communications (Washington, 
D.C.), announced its electronic mail 
service late last year, it began a year¬ 
long, $12 million advertising spending 
spree. Aside from touting MCI’s propri¬ 
etary system, this effort should help 
educate consumers about electronic 
mail concepts in general. 

Most CBMSs are essentially database 
management systems. Here the "data¬ 
base” consists of messages, and "man¬ 
agement” means coordination of stor¬ 
age and access. People authorized to 
use the system create messages on 
their terminals and send them to other 
network users. The computer’s mail 
management program delivers the 
message to the appropriate disk stor¬ 
age slot ("mailbox”) and also creates a 
pointer, which appears on the recipi¬ 
ent’s terminal screen, indicating that a 
message awaits. 

Recipients can open only their per¬ 
sonal mailboxes, using passwords is¬ 
sued when they first join the system. 
Each time the user signs onto the sys¬ 
tem with his password, the system no¬ 
tifies him whether messages await. 

When senders post messages to mul¬ 
tiple addresses, the computer stores 
just one copy, but creates a pointer for 
each recipient. This keeps mass storage 
requirements to a minimum. When a 
user requests the message, the system 
gives him access to the one copy stored 
in memory and allows him to read it. 
Should the reader wish to edit the mes¬ 
sage, most systems then make a copy to 
preserve the original’s integrity. 

Today, electronic mail technology 
can be cost-effective for virtually any 


communications requirement. A busi¬ 
ness letter costs $7.60 to dictate, tran¬ 
scribe, and mail, according to the Dart- 
nell Institute of Business (Chicago), a 
firm that charts the expense of doing 
business. This doesn’t include the costs 
associated with corporate mail depart¬ 
ments that handle the letter on both 
the sender’s and recipient’s ends. Elec¬ 
tronic messages can cost much less, 
since they entail far less labor. 

First, there’s no dictating or tran¬ 
scribing. Today’s systems make it ex¬ 
tremely easy for executives to enter 
and send their own messages, although 
senders must be willing and able to 
type the messages on keyboards. Sec¬ 
ond, postage costs can run as low as a 
dollar for instantaneous delivery of a 
7500-character message. That’s nearly 
four pages of text—much longer than 
the average business letter. 

T he first computer-based electronic 
mail products were a response by 
the timesharing services to growing 
competition from computer vendors. 
Early in data-processing history, com¬ 
puter users had two choices for appli¬ 
cations software: to write their own or 
to rely on timesharing vendors to pro¬ 
vide it. Gradually, however, computer 
vendors began to offer applications 
software as well as hardware. As more 
programs became available for in- 
house use, timesharing firms devel¬ 
oped electronic mail services as one of 
several counterpunches. 

In this market, the communications- 
oriented timesharing companies held 
an initial advantage over hardware 
manufacturers. By their nature, time¬ 
sharing firms often interconnected 
multiple computer sites via communi¬ 
cations networks. Although hardware 
vendors sold to multiple sites, they 
seldom connected them. 

Pioneer electronic mail systems, 
such as Comet from Computer Corp. of 
America (Cambridge, Mass.) and On- 
Tyme from Tymshare (Cupertino, 
Cal.), aimed at the predominant sector 
of the messaging market: intracom¬ 
pany messages. The systems allow au¬ 
thorized users to exchange messages 
while avoiding "telephone tag” and 
postal service delays. However, mes¬ 
sages sent via the services tend to be 
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When they retained 
Peat Marwick, 
American Computer 
Group was a small 
company with a big idea. 

Last year its sales had 
grown to $18 million. 


Sonny Monosson is known for his bow ties, 
suspenders and business acumen. In 1968, he 
and his partner Bill Grinker retained Peat 
Marwick as their business adviser. 

Since then, American Computer has been 
successful selling and leasing computers, 
terminals, and communications equipment 
in a rapidly changing field. “In fact,” says 
Monosson, “the only thing that we haven’t 
changed is our business adviser.” 

At Peat Marwick, we don’t make decisions 
for you. But we do help you with the informa¬ 
tion and the perspective you need to make 
wise choices. Our Private Business Advisory 
Service specialists serve the needs of grow¬ 
ing businesses. 

For example, we can help your business 
reduce and defer taxes. Evaluate alternative 
sources of financing. Develop cash manage¬ 
ment and internal control systems. Structure 
compensation, pension, and profit-sharing 
plans. And help in the selection and imple¬ 
mentation of small computer systems. 

The partner in charge of your account will 
provide counsel based on extensive knowl¬ 
edge of your business environment. What’s 
more, he can draw on professional and techni¬ 
cal resources that most advisers can’t provide. 

For information on our Private Business 
Advisory Service and a copy of our news¬ 
letter The Business Adviser, mail the coupon or 
call 800-221-3333 (in New York 212-775-1395). 


Mail to: Peat, Marwick, Mitchell & Co. 

345 Park Ave., Box PBAS, New York, NY 10154 

Name 

Title 

Company 

Address 

City 

State zip 


® PEAT 

MARWICK 

Private Business Advisory Services/ 
Accounting and Auditing/Tax Services/ 
Management Consulting 
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short (four to six lines), because cor¬ 
recting typing errors on these systems 
is difficult. 

As mainframe computers added of¬ 
fice automation functions to their pri¬ 
mary, calculative applications, hard¬ 
ware vendors recognized that their 
machines could effectively compete 
with the timesharing services for 
intracorporate communications cus¬ 
tomers. For sending messages within a 
single facility, it makes more sense to 
take advantage of the on-site computer 
than to dial up a remote computer, 
incurring additional communications 
and processing costs. To exploit this 
market, virtually every major hard¬ 
ware and third-party software house 
now offers electronic mail packages. 

These software packages have limi¬ 
tations. While all provide comparable 
basic functions, most are aimed at spe¬ 
cific computers and operating systems. 
Few are transportable between hosts. 
For example, IBM leases two primary 
electronic mail (electronic document 
distribution) systems. The Professional 
Office System (PROFS) runs only under 
the VM operating system. The Distrib¬ 
uted Office Support System (DISOSS), 
runs under MVS or DOS/VSE. Termi¬ 
nal support also becomes a complex 
issue, since PROFS supports the 3270 
line of terminals, and DISOSS supports 
terminals for the 8100 system (3732 
and 8775 text display stations). 

A few software houses offer pack¬ 
ages that can run under different oper¬ 
ating systems and even on different 
brands of computer. Infomail, from 
Bolt Beranek and Newman (Cam¬ 
bridge, Mass.), runs on DEC, IBM, and 
BBN hosts, and allows messages to be 
exchanged among machines of these 
three makes. 

C urrently the most visible type of 
electronic mail system is the hy¬ 
brid. This approach, exemplified by 
MCI Mail, combines computer input 
with paper-based output options. Mail- 
gram, the U.S. Postal Service’s joint 
venture with Western Union, is the 
oldest example of such a system. Both 
the USPS and Western Union offer in¬ 
dividual variations of this service (E- 
COM and EasyLink). But MCI, with its 
marketing expertise and large budget, 
has captured the most attention. MCI 
hopes to sign up 200,000 subscribers by 
the end of this year. 

Since the subscription and usage 
costs for the hybrid systems are rela¬ 
tively low (see "The cost of electronic 
mail”), anyone with a digital input 
device can use the systems to send 


messages to virtually any address rec- I vices, hybrid system providers main- 
ognized by a traditional postal service, tain computers and communications 
Like timesharing-based message ser- I networks to which users gain access 


Timesharing service 

Intracompany 
(Company A) 


Intercompany 
(Company B) 



Communications link 



Sending terminal/micro 
(may edit or correct locally 
prior to transmitting) 


Receiving terminal/micro 


Hybrid 



Three categories of electronic mail are timesharing services, software packages for 
in-house computer systems, and hybrids, which provide electronic and physical 
mail delivery options. With timesharing and hybrid systems, users must access an 
outside computer even if messages are to be sent within the company. A business 
running electronic mail software on its own computers avoids external communica¬ 
tions links and costs, unless messages are sent outside the firm. 
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25 reasons why Escort 
is the first line of defense 
against traffic radar 


ESCORT finds radar. We were awarded 
highest marks for long range warning in Car 
and Driver’s most recent test of all leading 
brands. Butthetestersdidn'tstop there. “The 
ESCORT is clearly the leader in the field 
in value, customer service and perform¬ 
ance...” they said. 

With ESCORT, you get the complete 
radar detection system. We’ve constantly up¬ 
dated and refined ESCORT since its intro¬ 
duction six years ago to keep it the best. 
We think its list of features is unmatched. 
Every ESCORT has the following standard 
equipment: 

1 Superheterodyne Receiving Circuitry 

provides longer detection range and greater 
selectivity than any other design. 

2 Varactor-Tuned Gunn Oscillator pin¬ 
points X and K band, thereby tuning out all 
other signals in the microwave band. 

3 Digital Signal Processor (patented) dif¬ 
ferentiates between X and K band, triggering 
separate warnings for each. 

4 Scan Time of .016 Seconds captures all 
police radar, even Kustom Signals KR11 in 
the pulsed moving mode. 

SSTatistical Operations Processor 
(ST/O/P ) rejects false alarms broadcast by 
poorly designed imported radar detectors. 

6 Analog Signal Strength Meter indicates 
at a glance not only radar strength, but the 
strength's rate of change. 

7 Amber Alert Lamp has highest reflec¬ 
tance/transmittance ratio for optimum visi¬ 
bility, day or night. 

8 Photoelectric Eye automatically dims 
alert lamp at night to minimize glare. 

9 Coherent Audio Tone pitched at 1024 Hz 
for clear, yet annoyance-free warning. 

10 Separate Audio Warnings for X and K 
bands to distinguish the two types of radar. 

11 Variable Rate Audio pulses faster as 
radar nears, to indicate radar strength. 

Tune in "Talkback with Jerry Galvin." America's 


12 Audio Volume Control allows exact ad¬ 
justment to suit interior sound level of car. 

13 City/Highway Switch adjusts X band 
sensitivity for optimum detection. 

14 LED Power-On Indicator allows user to 
confirm unit is in operation at a glance. 

15 Heavy-Duty Housing of extruded 6063- 
T5 aluminum will not break or deform. 

16 Low-Profile Design is only 1.45" high x 
5.25" wide x 5.00" deep. 

17 Four-Way Clip for convenient dash or 
visor mounting. 

18 Hook-and-Loop Strips for other mount¬ 
ing applications. 

IS Cigar Lighter Power Connector for 

quick installation. 

20 Lighter Socket Adapter fits unusual 
lighter sizes. 

21 Quick-Disconnect Power Jack allows 
easy removal. 

22 Protective Molded Carrying Case for 

your convenience. 

23 Spare Fuse and Alert Lamp Bulb. 

24 TWenty-Page Comprehensive Hand¬ 
book gives instructions for optimum use. 

25Full One-Year Limited Warranty 

covers both parts and labor. 

The Direct Connection 

Every ESCORT also has one other stand¬ 
ard item our competitors can’t match—a 
direct connection to the factory. We think you're 
entitled to deal with experts. That's why we 
sell direct. There are no middlemen to make 
misleading performance claims or gouge you 
on price. 

And if your ESCORT were ever to need 
service, we’re just a call away. When you dial 
our toll free number, you’re talking to One 
Microwave Plaza. All of our engineering, 
manufacturing, sales and service happen 
under this one roof. Dealing direct means 
no excuses. 


Try ESCORT at no risk 

When your ESCORT arrives, take the first 
thirty days as a test. If you’re not absolutely 
satisfied, we ll refund your money and pay the 
postage. ESCORT really works. Ask any of 
our 600,000 satisfied customers. 

Let ESCORT defend you. 

Order Today 

By Phone: Call us toll free. A member of 
our sales staff will be glad to answer any 
questions and take your order, (Please have 
your Visa or MasterCard at hand when you call). 

CALL TOLL FREE 800-543-1608 
IN OHIO CALL 800-582-2696 

By Mail: We’ll need to know your name, and 
street address, daytime phone number, and how 
many ESCORTS you want. Please enclose a 
check, money order, or the card number and 
expiration date from your Visa or MasterCard. 



ESCORT S245 (Ohio res. add $13.48 tax) 

Speedy Delivery 

If you order with a bank check, money order, 
credit card, or wire transfer, your order is proc- 
cessed for shipment immediately. Personal or 
company checks require an additional 18 days. 

ESCORT 

RADAR WARNING RECEIVER 


Cincinnati Microwave 
Department 100-047 
One Microwave Plaza 
Cincinnati, Ohio 45296-0100 

i public radio stations. Check local listings. 
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The cost of electronic mail 

Most major computer vendors offer electronic mail products of varying cost 
to run on their machines. These software packages, for the most part, 
share a core group of features but provide a few variations, depending on 
the supplier. Owners of Data General, Datapoint, DEC, IBM, and Wang 
computers can get integrated office automation packages combining elec¬ 
tronic mail communications facilities with office automation functions like 
word processing and document filing. Software houses and communica¬ 
tions system firms also write electronic mail software, which may work un¬ 
der several different operating systems. 

Prices for the mail systems can span a wide range. IBM leases PROFS 
for $600 a month plus a one-time fee of $4000. DISOSS mainframe soft¬ 
ware costs $1060 a month for the version that runs under MVS or DOS/ 
VSE. An additional software package, 8100/DISOSS/DOSF, is required for 
IBM’s 8100 computer so it can communicate with the DISOSS host. The 
package costs $187 a month or $3930 to buy. 

The hybrids EasyLink and MCI Mail are structured differently. EasyLink 
charges a $35 a month account fee and $1.50 for each mailbox. Message 
rates vary between 25<* and 50^, depending on how the message is gener¬ 
ated and delivered. 

There are no sign-on, monthly, or usage charges for basic MCI Mail ser¬ 
vice. Instead, MCI charges "postage” for the messages sent. Postage 
costs are based on the MCI "ounce” (7500 characters). First-ounce prices 
vary, but each additional ounce costs $1. MCI provides four services: 

• Instant Letters ($1/ounce) go to other MCI Mail users and are stored 
free of charge in their mailboxes for retrieval. 

• Letters ($2/first ounce) are electronically generated and then printed by 
MCI for deposit into the USPS first-class mail system. Delivery usually takes 
two days. 

• Overnight Letters ($6/first ounce) are delivered by Purolator Courier by 
noon the next day. 

• Four-Hour Letters ($25/first ounce) are delivered by Purolator within 
four hours of being mailed. Service is limited to a 25-mile radius around 
some 15 U.S. cities. 

Public electronic mail services are available from virtually all major time¬ 
sharing and value-added network companies. Among the prominent ser¬ 
vices are Computer Corp. of America’s Comet, CompuServe, GTE Telenet’s 
Telemail, ITT Dialcom, The Source, and Tymshare’s OnTyme II. Monthly 
minimum charges range from $10 to $500. These companies also charge 
for connect time, message storage, and such services as database access 
or data processing. 


through their terminals or microcom¬ 
puters. Users write messages on-line or 
transmit precreated messages to the 
host computer center nearest the re¬ 
cipient’s address. The center then 
prints the message and sends it to a 
machine that puts it into an envelope 
and conveys it to the specified delivery 
system. The hybrids use the postal sys¬ 
tem and other couriers for local deliv¬ 
ery; users may choose delivery options 
according to price and priority. 

T he three generic types of electron¬ 
ic mail system—service, software, 
and hybrid—represent the founda¬ 
tions for the growth of universal elec¬ 
tronic mail. Users will want to reach 
anyone, anywhere, regardless of the 
type of electronic mail system used. 
Intercompany links will become as im¬ 


portant as intracompany links, and 
will help speed order processing, im¬ 
prove inventory control, and establish 
direct-payment channels for a multi¬ 
plicity of transactions. 

This market trend will force shifts in 
orientation for the service providers. 
User-owned electronic mail systems 
will pick up the bulk of intracorporate 
mail and will drive public services and 
hybrid systems to provide intercom¬ 
pany messaging facilities. Links, or 
"gateways,” will be developed to allow 
connections between services, soft¬ 
ware, and hybrids. 

The coexistence in some corpora¬ 
tions of two voice communications net¬ 
works provides a scenario for the evo¬ 
lution of electronic mail. Many 
companies install private tieline net¬ 
works for intracorporate communica¬ 


tions and use the public switched tele¬ 
phone network (PSTN) for outside 
communications. Employees receive 
two telephone numbers: one for the 
tieline system and one for the PSTN. 
One phone gives access to both. 

Electronic mail systems will evolve 
similarly. Employees will have a single 
terminal providing access to the requi¬ 
site electronic mail systems: an inter¬ 
nal system for intracompany messages 
and at least one other for external, 
intercompany service. During the ear¬ 
ly stages, users might need multiple 
public mailboxes to accommodate cor¬ 
respondents with mailboxes on differ¬ 
ent systems. But as market require¬ 
ments develop, public electronic mail 
services will begin providing gateways 
between systems. 

This evolution will require electron¬ 
ic mail services to shift their focus. 
Although the overall number of net¬ 
work-resident mailboxes will increase 
(to accommodate the rising volume of 
intercompany mail), the services will 
experience a drop in network traffic as 
users employ their own systems for the 
bulk of their communications (since 
most messages will continue to be sent 
internally). To respond to this market- 
forced change in business direction, 
and to counter the drop in their overall 
traffic, network services will provide 
new capabilities such as gateways and 
transactional applications. 

Aside from their primary messaging 
functions, electronic mail systems can 
offer other benefits that help justify 
them. Some in-house system users can 
access the internal database, incorpo¬ 
rate needed information into mes¬ 
sages, and send them to fellow work¬ 
ers. Public service users not only can 
send messages but can access such da¬ 
tabases as the UPI Newswire, Dow 
Jones, and the Official Airline Guide. 

Although these additional capabili¬ 
ties exist on some systems today, in 
many cases they are cumbersome, and 
require multiple sign-ons and data re¬ 
formatting. With as many as three 
vendors to deal with, businesses today 
hesitate before attempting to justify 
costs. Instead they choose one system 
that best suits their general, or pre¬ 
dominant, messaging needs. But when 
user-transparent gateways and cen¬ 
tralized billing become commercially 
available, these services will prompt a 
great influx of electonic mail users. □ 


H. Paris Burstyn is an analyst with the 
World Telecommunications Informa¬ 
tion Program at the consulting firm 
Arthur D. Little (Cambridge, Mass.). 
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In 1947, 71 years after Alexander Graham Bell uttered 
the words “Watson, come here, I want you...,” Bell Laboratories 
invented the transistor.. .and ushered in the Computer Age. 


WATSON, WATCH US NOW! 











AT&T INTRODUCES TO 




For over 40 years, AT&T has been in 
the business of designing and manufactur¬ 
ing computers. 

In fact, we’ve created the largest 
computer system in the world—our 
long-distance network—the one 
which enables you to make all 
those long-distance calls to 
your branch offices. 

Today, we’re proud to intro¬ 
duce a whole new line of flexible, 
compatible, reliable computers for business 
.. .AT&T Computers. 

THE FLEXIBLE FAMILY 

Meet the family. 

The 3B2, 3B5 and the AT&T 
Personal Computer make up the 
new AT&T family of flexible 
business computers. 

The AT&T 3B2 is one of 
the most advanced super micro 
computers you can buy today. 

This 32-bit UNIX* System V- 
based super micro packs 
all the power of a much 
larger system in a size 
small enough to sit on your 
desk top. Because it’s a multi-user, 
multi-tasking computer that 
can accommodate up to 18 


terminals, it operates at a low cost per 
work station. That makes it perfect for 
offices where many people need 
desk-top computers and there’s a 
need to accommodate growth. 
For larger family gatherings, 
the AT&T 3B5 minicomputers 
make great hosts, because they can 
accommodate up to 60 users. 

What’s especially attractive about 
our family is that it will grow with you. 
No matter what size your company, it 
allows you the flexibility to pick specific 
products to meet your needs 
today. Without the 
threat of obsoles¬ 
cence tomorrow. 
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E NEW COMPUTERS. 


And the family’s open architecture means 
that our computers will be good company 
for your current hardware and 
software, thus protecting your 
investment. 

No matter which AT&T Com¬ 
puter you buy, consider yourself 
part of the family. 

ALL THIS AND A PC TOO 

AT&T would also like you to 
meet the new AT&T Personal 
Computer. This exciting new 
member of our computer 
clan is perhaps the most 
flexible and compatible 
personal computer on 
the market today. 

What makes the AT&T Personal 
Computer special is its ability to run most 
popular business 
software, includ¬ 
ing most available 
MS-DOS** 
applications. It 
operates as a 
stand-alone unit 
or as an intelligent 
work station in 
an integrated 
computer network. 


And it combines high performance with 
excellent graphics capabilities and a high- 
resolution screen. 

Moreover, costly options on 
some other PC’s are standard 
features on the AT&T Personal 
Computer—features such as 
color graphics; serial and paral¬ 
lel ports; clock/calendar dis¬ 
play; monitor pan and tilt, plus 
multiple expansion slots to 
add extra printers, memory 
and other plug-in options. All 
this is bound to make it your 
personal favorite. 

YES, WE DO WINDOWS 

If you have several stacks 
of work that you’d like to spread 
out and work on, AT&T has the perfect 
way out. It’s called windowing. It allows 
you to divide your computer screen into 
four miniscreens. It enables you to print 
from one window, edit in another, draw a 
graph in a third and sort addresses in the 
fourth. With AT&T’s windowing, you’ll be 
able to see to everything at once. 

When it comes to compatibility, the 
new AT&T Computers hit it off with each 
other.. .and most everyone else. 

To begin with, our unique PC Interface 











THEY GET ALONG 


bridges the MS-DOS and UNIX Operating 
Systems, allowing you to use your PC as 
part of a larger 3B network. 

All our computers are based on 
AT&T’s Information 
Systems Architec¬ 
ture, an open, com- 
munications-based 
structure that can 
accommodate and 
integrate not only our 
products, but also 
those of other manu¬ 
facturers. 

We also have the UNIX System V 
Operating System, developed by AT&T 
Bell Laboratories. It’s an operating system 
so flexible, it’s rapidly becoming an indus¬ 
try standard. You won’t have to discard 
equipment. Or waste time and money re¬ 
programming every time a new computer 
comes along. 

HARDWORKING SOFTWARE 

For solutions to all your business prob¬ 
lems, the new AT&T software really applies 
itself, with a wide range of new applications. 
AT&T software also offers you upward 
compatibility. Because it’s based on the 
UNIX Operating System, 3B2 software will 
run on 3B5 computers. 


It’s your assurance that your software 
investment is protected as you grow. 

We’ve created a Business Management 
Series to perform a full range of manage¬ 
ment functions from 
financial analysis 
to sales administration. 
The Communications 
Series enables your pro¬ 
cessors and terminals to 
talk with each other. 
There’s an Industry 
Series to zero in on 
the needs of your par¬ 
ticular business. There’s also an Office 
Productivity Series to help you with tasks 
like word processing, filing, and spread¬ 
sheets. And a Systems Programming 
Series will 
help you cre¬ 
ate new pro¬ 
grams quickly 
and easily. 

Since this 
is just a 
sampling 
of our 
















you can see why it makes sense to sign on 
with AT&T’s entire range of software. 

WE'LL MAKE YOU A STAR 

The new AT&T Information Systems 
Network, featuring star topology, is one of 
the most flexible, cost-efficient links 
between terminals, work stations, and 
computers of all sizes. This local 
area network allows you to < X 
connect departments, m 

whole buildings, 
industrial parks... ^ 

or even campuses. 

Information 
Systems Network 
also gives you fast 
response time and cen-\ 
tralized administration 
and control. In addi- 
tion it offers collision-free 
access, making it ideal for large user 
populations. Information Systems 
Network will do more than help your 
company keep pace with today’s 
competitive marketplace. It will change 
the way you think about local area networks. 



Their rugged design can adapt to any office 
environment without complicated power¬ 
ing, air conditioning or installation re¬ 
quirements. And they feature built-in 
diagnostics to find problems—and fix 
them—in record time. 

In case you do require service, AT&T 
Information Systems personnel are out in 
force. With around-the-clock service, 
and one of the industry’s 
largest service forces, including 
/ v \ thousands of skilled technicians 
/ I in over 1400 locations. 

1 Few companies can offer 
VV you this kind of built-in 
reliability plus service. 

Xr" So come in and meet the 

family: the 3B2, 3B5 and the 
AT&T Personal Computer. They’re the 
answer to your business needs. For 
more information call your AT&T Account 
Executive or 1 (800) 247-1212. 

AT&T INFORMATION SYSTEMS: 
WHEN YOU'VE GOT TO BE RIGHT. 

©1984 AT&T Information Systems 


BUILT-IN RELIABILITY PLUS SERVICE 

AT&T Computers meet the toughest de¬ 
sign standards and rigorous testing procedures. 


Us AT&T 










CONSUMER TECHNOLOGY 


"YOUR CHECK IS IN... 
THE PHONE LINE" 


Bankers embrace 
home services, 
but consumers 
need convincing 

V ideotex-like services that let 
consumers do all their banking 
without leaving home have so far 
stirred more interest among banks 
than among consumers. Banks are de¬ 
veloping and marketing the services 
with the hope of reducing staff, fac¬ 
ilities, and check-processing burdens. 
Despite the technological glamour, 
though, consumer response to initial 
offerings has been tepid. Unlike the 
automated teller machines (ATMs), on¬ 
line bill payment and checkbook bal¬ 
ancing have not struck the public as 
being worth the trouble. 

Over 1000 banks and other institu¬ 
tions are said to be planning home 
banking projects. But just a handful 
now market a service, and only a few 
dozen more are in the pilot stage. Two 
of the most successful projects are 
Bank of America’s in San Francisco, 
with 8000 subscribers, and Chemical 
Bank’s Pronto in the New York City 
area, with 5000. Other ambitious pro¬ 
jects are Viewtron—a Knight-Ridder 
videotex service available in the Mi¬ 
ami area—Times Mirror in Orange 
County, Cal., and Keycom in Chicago. 

Other giants loom: J. C. Penney is 
expected to take a leading role in home 
banking and videotex when its service 
is introduced, perhaps later this year, 
and Sears recently announced a joint 
videotex venture with CBS and IBM in 
which financial services are expected 
to figure prominently. 

To initiate a home banking session, 
the user dials a local or toll-free num¬ 
ber to reach the service’s computer, 
which communicates with a home per¬ 
sonal computer or videotex terminal 
through a modem. Menus displayed on 
the home screen help the user obtain 
account balances, transfer money be¬ 
tween accounts, track checks, and pay 


by David H. Freedman 


bills to previously specified merchants. 
Some services also let the user apply 
for loans, purchase certificates of de¬ 
posit, balance home budgets, and que¬ 
ry bank officials. 

The home terminal talks to the 
bank’s computer via an intermediate 
computer called a gateway. This ma¬ 
chine, which isn’t necessarily run by 
the bank, takes care of all the network¬ 
ing details like verifying passwords 
and enforcing protocols. Some gate¬ 
ways remain continuously tied in to 
the bank’s computer so they can adjust 
account balances as transactions oc¬ 
cur, with little or no delay. Most 
gateways, however, deal instead with 
"strip files,” sets of working records 
adjusted nightly to reflect the day’s 
transactions. In most cases, therefore, 
the user can access information cur¬ 
rent only to the previous afternoon. 

Bill paying is less direct. For institu¬ 
tions or merchants that receive a large 
number of payments—a utility, say— 
the bank sends payments daily in the 
form of a single lump-sum check ac¬ 
companied by a computer tape detail¬ 
ing who paid what. Otherwise the bill 
payer must allow five days for the 


bank to write and mail a check. 

The push for home banking comes 
mainly from the banks themselves. 
Consumers write 36 billion checks a 
year; electronic bill paying could elimi¬ 
nate two-thirds of these, so banks could 
lay off tellers and use fewer check¬ 
processing machines. If enough cus¬ 
tomers went on-line, a bank could even 
close some branch offices. 

But banks have a long way to go 
before they can realize savings from 
home services. There are two impedi¬ 
ments: high initial cost (Chemical 
Bank spent $20 million developing 
Pronto) and weak consumer demand. 

To reduce start-up costs, most banks 
share development efforts or license 
packaged systems. Video Financial 
Services (Miami) is a banking whole¬ 
saler owned by four bank holding com¬ 
panies; it provides Viewtron’s banking 
operations, and will run home banking 
for Times Mirror and Keycom. Home 
Banking Interchange (Charlotte, N.C.) 
is an alliance of 17 U.S. and Canadian 
banks interested in exploring home 
banking. The association is sponsoring 
a nationwide, 2000-home trial man¬ 
aged by ADP Telephone Computing 



Home banking services use gateway computers to relay information between a user 
and a bank. The gateway computer gets information on the user’s account either by 
communicating directly with the bank’s computer or, more often, by maintaining 
files of its own that are updated nightly. Fund transfers made via home banking are 
processed by the bank’s computers. When the user requests a bill payment, the bank 
usually mails a check to the creditor within five days. Businesses receiving many 
payments can arrange for the bank to send a daily tape of bill payments accompa¬ 
nied by a single, lump-sum check. 
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Services (Seattle). Chemical Bank has 
licensed its software to eight banks at 
$100,000 a shot. CompuServe, a lead¬ 
ing vendor of on-line information ser¬ 
vices for personal computer owners, 
has put four banks on its system for 
over $30,000 each. 

A bank typically needs 15% of its 
customers on-line for a home service 
just to break even; under present 
trends, that won’t occur until well into 
the ’90s. And even in the most widely 
used services, less than 1% of the con¬ 
sumers with access are regular users. 

Consumer coolness stems from sev¬ 
eral problems, both real and imagined. 
A big one is that nobody has figured 
out how to send cash over the phone 
lines, meaning trips to the bank or 
ATM are still necessary. 

Another barrier to acceptance is 
cost—typically $12 a month for the 
more complete services. And that 
doesn’t count the phone charges, 
which could be considerable; most of 
the newly divested phone companies 
plan to start charging for each local 
call, similar to long-distance billing. 
The average computer-to-computer 
call lasts half an hour, 10 times longer 
than an average human conversation; 
many households would have to rent a 
second phone line to accommodate 
home banking. 

Discomfort with computers is often 
claimed to lurk behind the resistance 
to home banking. A frequent assump¬ 
tion is that when this temporary un¬ 
easiness subsides things will change. 
Yet of CompuServe’s 80,000 active sub¬ 
scribers—most of whom are presum¬ 
ably comfortable with the technology, 
since they own computers and mo¬ 
dems—only about 1000 use the bank¬ 
ing services. 

S ome of the blame for home bank¬ 
ing’s less than spectacular showing 
can go to consumers’ misperceptions. 
Although home banking services elim¬ 
inate that helpful five- to ten-day 
"float” that comes with writing a 
check, users are allowed to postdate 
bill payments up to 30 days. And con¬ 
trary to popular suspicion, the sys¬ 
tems do not police your transactions; 
a missed mortgage payment, for in¬ 
stance, won’t cause the bank to reach 



Home banking users can pay their bills 
via electronic fund transfers, then check 
their account balances as shown on this 
screen from thej. C. Penney service. 


into your checking account to settle 
the score. ^ 

Security is a morelegitimate con¬ 
cern. Home banking services typically 
provide four layers of password protec¬ 
tion, but the first two are routinely 
breached on "electronic bulletin 
boards” that are open to anyone with a 
microcomputer, a modem, and a sub¬ 
scription to one of several popular 
database services (e.g., CompuServe). 
Viewtron home bankers can voluntari¬ 
ly disable the lower password levels, 
saving themselves a few keystrokes 
but propping open the door for an elec¬ 
tronic thief. 

A thorny legal question arises here: 
Who is liable for the loss if a thief 
enters a system through a user-dis¬ 
abled password? The user, who proba¬ 
bly ignored bank instructions, or the 
bank, which designed an easily defeat¬ 
ed system? No precedent has been es¬ 
tablished in court, and banks don’t like 
to discuss the issue. 

Some banking systems embed pass¬ 
words unknown to the user on the 
user’s disk, cartridge, or terminal 
memory. Pronto, for example, hides a 
password in the cartridge; Viewtron 
builds passwords into the AT&T Scep¬ 
tre terminals it sells to its customers. 
Such measures do little good, though, if 
the terminal or disk is stolen. More¬ 
over, a clever microcomputer hacker 
can generate signals that emulate 
these embedded passwords and thus 
gain unauthorized access. To protect 
against phone tappers, Viewtron en¬ 
crypts all transmissions, but the codes 
aren’t good enough to stymie a sophis¬ 
ticated thief. 


"Smart cards,” plastic plates with 
embedded computer chips, are a possi¬ 
ble solution. The user would insert the 
card into a reader connected to the 
terminal. A code stored in the card’s 
memory, in combination with an iden¬ 
tification number that the user typed 
in, would work as a unique "signature” 
to open the system for business. Also, 
the card’s logic chip could encrypt 
data, for an extra dollop of security. 
The first test of the smart card for 
home banking will likely be J. C. 
Penney’s Firsthand videotex service, 
which may go on-line later this year. 

Another precaution is already in ef¬ 
fect. Before being able to pay bills via a 
terminal, a user must give the bank a 
signed list of creditors. The bank will 
allow payments only to parties on the 
list. This requirement would prevent 
someone who had broken into a home 
banking account from authorizing pay¬ 
ments to himself or a fictitious firm. 
Paper check writing is much more sus¬ 
ceptible to fraud, banks say. 

Banks are trying a number of tactics 
to entice people to use home services. 
All heavily subsidize the price; the $12- 
per-month charge covers barely a third 
of the cost. Services based on videotex 
terminals must also subsidize the price 
of the terminal. Viewtron sells the 
Sceptre terminal for $600—well under 
cost—though that will rise to $900 lat¬ 
er this year. 

Some banks make their services 
compatible with equipment many con¬ 
sumers already own, figuring that peo¬ 
ple are more likely to sign on if they 
don’t have to buy hardware first. Pron¬ 
to, for example, works with a a $70 
Atari 400 computer and a videogame- 
style cartridge; Chemical Bank sells 
users a modem for $75. 

Terminals are more rugged and easi¬ 
er to use than computers, and can 
receive graphics; prices, though high 
now, should plunge to $100 or so with¬ 
in a few years. J. C. Penney is expected 
to go with a terminal; Sears, with per¬ 
sonal computers (hardly surprising, in 
view of its association with IBM). 

Smart cards have been considered 
for some of the home services. The 
card’s embedded memory chip could 
retain account balances and summa¬ 
ries of recent transactions to serve as 
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CLEAN AIR, CLEAR SKIES 

AND ROOM TO GROW 



A temperate climate, clean air, and affordable lifestyle have helped make New 
Mexico one of the most rapidly developing Sunbelt states. But a high quality of life is 
not all we have to offer. -Ji , 

New Mexico offers you: 

•The most competitive and productive labor supply in the Southwest 

• Income, property and gross receipts taxes far below the national average .;4: 

• Property tax abatement with IRB's \ f. 

• Plentiful energy — New Mexico produces three times more electricity than it 

consumes — ranks fifth in oil and gas production '|ri 

• A state-funded "in plant" training program jfij 

• A public educational system ranked higher than the national average 

• 16 two-year vocational-technical institutions and extensive higher education 

infrastructure * jl t ^ 

• Research facilities of the Rio Grande Research Corridor 

• Highest percentage of machine shops and support industry in the Southwest 

• The twin plant advantage of the New Mexico/Mexico border ... the equivalent of 
off-shore production, free of import hassles 



7 "SUN" DAYS 

New Mexico Economic Development Division • Bataan Memorial Bldg., Room 490 
Santa Fe, NM 87503 • Call Don Diego 505/827-6206 • TWX 910-985-0512 


We are pleased to announce the formation of 

Columbine Venture 
Fund, Ltd. 

$ 34 , 500,000 

A venture capital partnership investing in early stage 
technology based companies, including computers, 
communications, electronics, specialty chemicals, 
new materials, biotechnology and medical ventures. 

General Partners 

Mark Kimmel, David R. Miller, Sherman J. Muller, 
Duane D. Pearsall, Terry E. Winters 

Suite 510 

5613 DTC Parkway 
Englewood, Colorado 80111 
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an electronic passbook. However, the 
cost of the read/write machines (about 
$100) has dampened enthusiasm for 
the idea; no operating banking service 
uses smart cards for record keeping. 

Home banking can also be made 
more appealing to consumers when 
packaged with other information ser¬ 
vices, such as news, stock trading, en¬ 
tertainment, travel, and teleshopping. 
Most banking-only providers plan to 
add other on-line services eventually, 
making bank-run systems indistin¬ 
guishable from videotex services of¬ 
fered by nonbanking institutions. 

There’s a crucial difference, howev¬ 
er, from the bank’s point of view: When 
the bank runs the show, it does not 
have to worry about competitors hawk¬ 
ing their own money-market, IRA, or 
discount brokerage services. Sears is 
seen as particularly threatening, hav¬ 
ing acquired the Dean Witter Reynolds 
brokerage and the California-based 
Allstate Savings and Loan Association. 
The giant retailer is looking to acquire 
banks in a number of other states to 
get around federal laws that prohibit 
interstate deposits. 

Other incentives for home banking 
will come as videotex services pick up 
speed. Slow, line-by-line transmission 
is giving way to the capability of quick¬ 
ly transferring an entire large file or 
program into the home subscriber’s 
intelligent terminal. In addition to 
freeing up phone lines, such "down¬ 
loading” would let the user run bank 
account data through financial man¬ 
agement and tax-preparation pro¬ 
grams residing on disk or cartridge. 
Financial programs are available now 
for personal computers, but many peo¬ 
ple balk at entering the data manually. 

Perhaps the biggest boost to home 
banking would come from widespread 
use of of "debit cards,” already accept¬ 
ed by some stores in California. The 
magnetic-striped card is run through a 
special cash register that’s connected 
by phone line with a bank; funds for 
the purchase are transferred electroni¬ 
cally from the card holder’s account to 
the store’s account. 

For many, debit cards could all but 
eliminate the need for cash. Because 
trips to the bank or ATM would there¬ 
fore no longer be necessary, consumers 
could make all bank transactions in 
the comfort of their living rooms. □ 


David H. Freedman is an editor of 
Infosystems. He has a physics degree and 
writes about various areas of technology. 
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OPEN 

60 MARKETS 
IN 24 HOURS. 


N ow you can 
instantly 
open field 
offices in as many as 
sixty different mar¬ 
kets. If your field 
offices are HQ 
Centers. 

Headquarters 
Companies—HQ—is 
a nationwide network of fully 
operational office space 
and service centers located 
throughout the United States. 
HQ is not just the fastest 
way to open offices. It’s the 
most cost-efficient. 


Every HQ Center comes 
with a complete support staff 
supervised by a professional man¬ 
agement team. Every facet of 
office administration is taken care 
of. From office maintenance to 
electronic mail. 

So your salespeople can spend 
more time making more sales. 

Your company’s identity is still 
there, big and bold-on the build¬ 
ing directory, on your stationery 
and phone listings, even the doors 
to your offices. The only thing 
missing is the administrative hassle. 


Every HQ Center offers a full- 
service staff: Word processing, 
photocopying, telex, telephone an¬ 
swering, paging,* 800 # service, 
facsimile, phone-in dictation* con¬ 



ference rooms, even video con¬ 
ferencing* But you only pay for 
what you use. You have no office 
staff salaries or equipment leases 
to pay. 

This can translate into savings 
of up to 50% over traditional 
office costs. 


The HQ Network lets you move 
into and out of territories literally 
overnight. You can adjust your 
staff size at will. If you or your 
people need to travel, you can 
make full use of any HQ Center 
anywhere in the country, including 
the travel reservation and ticket¬ 
ing service at each Center. 

And the staff, services and facili¬ 
ties at every HQ Center meet the 
highest standards of convenience 
and performance. Which means 
higher performance from your sales 


staff. At a reduced cost per office. 

Headquarters Companies offers 
a wide range of service plans on a 
full-time or as-needed basis, so HQ 
makes sense if you plan on oper¬ 
ating your sales force in offices, or 
out of their homes. 

Let us tailor a plan that’s perfect 
for your company. 

Call 800/227-3004 (outside 
California) 800/652-1848 (in 
California). The sooner you let 
us field your questions, the sooner 
we can help you field your force. 
"(Not yet available in all markets.) 


Headquarters Companies 
Network Sales Office 
Three Embarcadero Center 
San Francisco, CA 94111 
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E ngineers seeking to develop truly 
intelligent computers have long 
looked to studies of the human 
brain in hope of imitating its processes. 

For example, they have known for some 
time that the brain, unlike today’s digi¬ 
tal computers, uses continuous vari¬ 
ables rather than discrete binary (yes/ 
no) variables. It’s also known that the 
brain operates in a highly parallel rath¬ 
er than a serial fashion; that is, it per¬ 
forms many operations at once. 

Two major research efforts are cur¬ 
rently underway to bridge these gaps 
between computers and the brain. The 
well-financed Fifth Generation projects 
in Japan and the U.S. aim to develop 
computers with digital processors that 
function in parallel. In addition, "fuzzy 
set” theory is being applied to software 
design with the goal of enabling com¬ 
puters to make distinctions on the basis 
of continuous variables. A fuzzy set is 
one in which membership is not precise¬ 
ly specified—the set of "tall” people, for 
example. Using fuzzy sets, a computer 
program can imitate a human rule of 
thumb, such as "when the temperature 
is high, reduce fuel consumption a 
small amount,” rather than a more 
specific rule such as "when the temper¬ 
ature exceeds 200°, reduce fuel con¬ 
sumption by 10%.” 

But both advances are limited insofar 
as they are superimposed on computer 
hardware that remains sequential and 
digital. In the case of parallel com¬ 
puters, these constraints lead to com¬ 
munications bottlenecks when individ¬ 
ual processors transfer data. And in the 
software domain, programmers have 
run into barriers in their attempts to 
enable computers to generalize from 
experience and recognize similar but 
not identical situations. Designing com¬ 
puter vision systems that can perceive 
gestalts (inherently diffuse patterns) 
has also proved problematic. For exam¬ 
ple, an image made up of thousands of 
short arcs, all centered on the same 
point, is immediately recognizable by 
the eye as a circle. But a computer < 

program, analyzing the individual arc 
segments, will have great difficulty in 
reaching that conclusion. 

New approaches to these and other 
problems in artificial intelligence may 
someday emerge from a new theory 
of brain function now gaining favor 
among neuroscientists. Traditionally, 
the human brain has been seen as a 
vast switching network consisting of 
tens of billions of individual processing 
cells, called neurons, communicating 
with one another through electrical im¬ 
pulses. Since the early 1970s, however, 
a group of neuroscientists has chal¬ 
lenged this model in favor of one that 
emphasizes neurons working together 
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in large groups and interacting with 
complex electromagnetic fields that 
pervade the brain. 

According to this new model, known 
as cooperative action, thoughts and per¬ 
ceptions are encoded in the changing 
pattern of electromagnetic fields rather 
than the impulses of individual neu¬ 
rons. Moreover, the fields, generated by 
the synchronous activity of thousands 
or millions of neurons, are continually 
reflected back on the neurons them¬ 
selves and in turn influence their activ¬ 
ity. This new model may help explain 
the highly associative manner in which 
the human brain processes information 
and may inspire engineers to develop 
entirely new types of computers. 

F eature extractor model. To under¬ 
stand the emerging model of brain 
function, it is necessary to survey some 
older theories. Ever since the 19th 
century, it has been known that neu¬ 
rons transmit electrochemical impulses 
from one to another via long fibers 
called axons. These impulses travel 
along the axon until they reach a junc¬ 
tion, or synapse, with another neuron. 
At this point, chemical transmitters 
released from the axon terminal cross 
the gap and excite or inhibit the tar¬ 
get neuron. If the excitation from sev¬ 
eral synaptic inputs exceeds a certain 
threshold, the target neuron generates 
an impulse of its own. 

In the 19th century, when neuronal 
impulses were first studied, this picture 
of neurons sending all-or-nothing sig¬ 
nals back and forth over wirelike axons 
was compared to a telegraphic system. 
With the development of digital com¬ 
puters after World War II, the brain 
was inevitably likened to a computer, 
although scientists even then recog¬ 
nized significant differences. For one 
thing, neuronal impulses, despite their 
all-or-nothing character, do not encode 
digital information. Studies of sensory 
neurons, which carry information from 
sense organs to the brain, have revealed 
that what is most significant about the 
impulses is their frequency: More rapid 
firing indicates a more intense sensa¬ 
tion. Since the impulse frequency var¬ 
ies continuously, sensory neurons uti¬ 
lize a pulse-coded analog—not digital— 
form of information transfer. 

Nevertheless, most researchers con¬ 
tinued to view the computer as a model 
for the brain. And just as the transistor 
is the basic unit of the computer, the 
individual neuron seemed to be the logi¬ 
cal place to begin the study of brain 
function. The plan was to gradually 
build up from neurons to neuronal cir¬ 
cuits, and finally to the organization of 
the brain as a whole. 

In the early 1960s, David Hubei and 


Torston Wiesel of Harvard University 
found that in a cat’s visual cortex (the 
part of the brain that processes visual 
information), they could identify a class 
of "simple” neurons whose firing rates 
were related to certain basic features of 
an image, such as the orientation of 
edges or bars. A second class of cells, 
labeled "complex,” was sensitive to 
the direction of motion of edges. And a 
third class of cells, called "hypercom¬ 
plex,” responded to even more elabo¬ 
rate stimuli such as angles and corners 
(although these are still quite simple 
when compared with complete objects). 
This theory of neurons as feature ex¬ 
tractors arranged in a hierarchy of 
responsiveness to increasingly complex 
stimuli became fundamental to much 
of the neurophysiological research that 
followed. 

Almost as soon as the feature-extrac¬ 
tor theory was formulated, however, it 
was challenged by a small group of 
brain scientists, among them E. Roy 
John, now at New York University 
Medical Center, and W. Ross Adey, now 
at the Loma Linda VA Hospital in Cali¬ 
fornia. These researchers argued that 
the concept was implausible because it 
presumed that at the top level of the 
hierarchy there were neurons devoted 
to incredibly specific tasks, such as rec¬ 
ognizing a person’s face. 

Critics also pointed to specific ways 
in which the theory was contradicted 
by experiment. First, it failed to ac¬ 
count for the brain’s ability to recog¬ 
nize gestalt patterns that no single cell 
could possibly analyze. For example, 
stereograms made up of random dots 
present no coherent information when 
viewed with one eye, yet yield a vivid 
perception of a 3-D form when viewed 
with both eyes. Second, the feature- 
extractor model implied that informa¬ 
tion storage was localized in highly spe¬ 
cialized neurons. Yet the results of 
operations in which large sections of 
the brain had been excised to treat 
cancer or epilepsy had demonstrated 
that individual memories were merely 
impaired—not destroyed—by surgery, 
and hence must be distributed through¬ 
out the brain. Third, if the simple fea¬ 
ture-extractor cells fed information to 
more complex cells, the simple cells 
logically should have responded first. 
Yet in actual experiments, they often 
responded later. 

Finally, the behavior of feature-ex¬ 
tractor cells was found to be less simple 
than the theory suggested. Hubei and 
Wiesel discovered that the firing rate of 
a given cell depended on not only the 
orientation of an edge but its length, 
velocity, distance from the observer, 
and other variables. Thus each cell fires 
in response to a range of stimuli, in- 
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Neurons, the brain’s basic hard¬ 
ware, communicate at specialized 
junctions called synapses, induc¬ 
ing graded electrical potentials in 
the receiving cells. These poten¬ 
tials, summed over thousands or 
millions of neurons, give rise to a 
slow electromagnetic wave, or 
EEG, that pervades the brain. 
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Computer guesses 
correct word-type from 
pattern (% of time) 


Good 33 

V 1 Bad 50 

v Powerful 55 

Weak 75 


Brain-wave patterns can be corre¬ 
lated with abstract mental con¬ 
cepts. In experiments performed 
by Robert Chapman and co-work- 
ers at the Univ. of Rochester, sub¬ 
jects were shown words grouped 
into six categories by connotation, 
including “good" words like beau¬ 
ty and “bad” words like crime. 
Each word-type gave rise to a dis¬ 
tinctive EEC pattern that could be 
recognized by a computer at a rate 
far better than chance. 


Inactive 


48 



Warren Brown and his colleagues at UCLA recorded subjects ’ brain waves as 
they listened to identical-sounding words being used as both nouns and verbs, 
such as rows and rose. When the EEC responses were averaged over many sub¬ 
jects, the brain-wave pattern produced by the noun was consistently different 
from that produced by the verb. 


stead of providing an unambiguous bit 
of information that can then be passed 
along for further analysis. 

C ooperative action. The alterna¬ 
tive model formulated by John, 
Adey, and a few others emphasizes the 
cooperative rather than the individual 
actions of neurons and the other types 
of brain cells. Just as the feature-ex- 
tractor model had been inspired by the 
study of nerve impulses, the coopera¬ 
tive-action model grew out of the study 
of the electroencephalogram (EEG), or 
brain wave. The EEG is a slow electro¬ 
magnetic wave that pervades the brain 
tissue; it can be recorded either with 
electrodes implanted in the brain or 
with an array of skin electrodes affixed 
to the scalp. While nerve impulses are 
individual voltage spikes, the EEG is a 
continuous wave, extending in frequen¬ 
cy from one hertz (cycle per second) to a 
few kilohertz but concentrated in the 
range between 3 and 50 hertz. Clini¬ 
cians have used brain-wave recordings 
for more than half a century to diag¬ 
nose brain diseases. 

Research in the 1960s demonstrated 
that the EEG arises not from the ran¬ 
dom summation of individual nerve im¬ 
pulses but from the slow, graded po¬ 
tentials produced by the neuronal cell 
bodies. When, as often happens, thou¬ 
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sands or millions of neurons synchro¬ 
nize their slow-wave potentials, the re¬ 
sult is the gross EEG. These waves then 
combine to form pervasive patterns 
within the brain, reinforcing at some 
points and interfering at others. Indi¬ 
vidual neurons are constantly slipping 
in and out of phase with the EEG field 
that surrounds them. 

Although the feature-extractor mod¬ 
el treats brain waves as nothing more 
than the background noise of the brain, 
experiments performed by John and 
Adey and by Soviet scientists demon¬ 
strated that EEG patterns can be corre¬ 
lated with high-level cognitive process¬ 
es in both animals and human beings. 
Since the EEG is produced by large 
numbers of neurons acting in concert, 
these findings suggest that collective 
rather than individual neuronal activi¬ 
ty is the basis of information processing 
in the brain. 

Indeed, growing evidence lends sup¬ 
port to the idea that electromagnetic 
fields play a role in brain function. But 
are these fields a reflection of collective 
neuronal activity, transmitters of in¬ 
formation, or the embodiment of con¬ 
sciousness itself? There is a divergence 
of views on this question. 

To some, even to many of those who 
subscribe to the cooperative-action 
model, the concept of information pro¬ 


cessing by electromagnetic fields seems 
implausible. Emanuel Donchin of the 
Univ. of Illinois believes that the waves 
are exclusively short-range phenomena 
carried from one cell to its neighbors, 
and that the large-scale electromagnet¬ 
ic fields associated with the EEG are 
incidental. Walter J. Freeman of the 
Univ. of California at Berkeley con¬ 
tends that cooperative action is mediat¬ 
ed exclusively by neuronal impulses. 
He suggests that networks of inhibitory 
and excitatory connections among neu¬ 
rons set up natural oscillations that 
code neural information. 

Perhaps the strongest advocate of the 
functional importance of electromag¬ 
netic fields is NYU’s John. He contends 
not only that the EEG reflects brain 
activity but that the individual neurons 
are sensitive to the fields that they 
generate. Indeed, Adey and his co-work¬ 
ers have applied extremely weak elec¬ 
tric fields (comparable in strength to 
the EEG) to the brains of experimental 
animals and have found that they alter 
the EEG predictably. Moreover, these 
changes are accompanied by specific 
behavioral effects, such as reduced re¬ 
action times. 

John cites experiments he performed 
in 1980 in which pairs of electrodes 
were implanted in different areas of a 
cat’s brain. The cat had previously been 
conditioned to turn left in a T-shaped 
maze to obtain a reward when it heard 
a tone repeated at a rate of twice per 
second, and to go right when it heard 
the tone repeated four times per second. 
John applied high-frequency electrical 
pulses to the electrode pairs, generating 
local electromagnetic fields in the ani¬ 
mal’s brain with strengths comparable 
to the intrinsic EEG. When the pulses 
were delivered in certain brain sites 
modulated at 2 hertz (twice per second), 
the cat turned left, and when the pulses 
were modulated at 4 hertz, the cat 
turned right. Since it was highly unlike¬ 
ly that the large electrodes were stimu¬ 
lating a discrete pathway, John con¬ 
cluded that the neurons of the cat’s 
brain were acting cooperatively. 

In a follow-up experiment on the cat, 
John fed a 2-hertz alternating current 
through one pair of electrodes and a 
second 2-hertz current through another 
pair, delaying the second signal by half 
a cycle. Thus the total input to the brain 
had a frequency of 4 hertz, but no one 
brain region received more than 2 
hertz. The cat responded as if it were 
perceiving a 4-hertz tone, and the EEG 
recorded from its brain had a 4-hertz 
component. John concluded that the 
electromagnetic field as a whole was 
carrying information and determining 
the animal’s perceptions. 

According to John’s hypothesis, 
the overall pattern of electromagnetic 





waves evoked by sensory stimuli "reso¬ 
nates” with previous patterns stored in 
memory. Just as a sound wave at a 
given frequency causes a tuning fork 
that is tuned to the same frequency to 
vibrate, the electromagnetic wave pat¬ 
tern associated with a familiar sensory 
stimulus causes millions of brain cells 
to generate a similar pattern that has 
somehow been stored in the chemical 
structure of these neurons. In the brain, 
resonance is nonlinear: Activation of a 
stored pattern occurs not only when the 
incoming wave pattern is identical but 
even when it is merely similar. 

Thus the pattern of electromagnetic 
waves elicited by the response to a sen¬ 
sory stimulus—say, the perception of a 
friend’s face—resonates with similar 
stored wave patterns laid down by pre¬ 
vious experiences. The new patterns in 
turn trigger new resonances, bringing 
forth a chain of associations such as 
the friend’s name or incidents from 
the past. John contends that it is this 
chain of associations that gives rise to 
the stream of conscious experience. 
"Consciousness is a property of these 
improbable distributions of energy in 
space and time, just as gravity is a 
property of matter,” he says. "The neu¬ 
rons are essential to creating the ener¬ 
gy pattern, but subjective experience is 
generated by the pattern itself, not by 
the individual neurons.” 

Moreover, as the new pattern of 
waves arises in the brain, it somehow 
modifies the chemical structure of the 
neurons, thereby laying down memo¬ 
ries that can in turn be evoked by reso¬ 
nance at some later time. The chain of 
associations can also be converted back 
into nerve impulses that are transmit¬ 
ted to the appropriate muscles to yield a 
behavioral response. 

Although the cooperative-action 
model is still lacking in many details, 
its broad outlines seem to fit what psy¬ 
chologists have learned about the asso¬ 
ciative nature of human thought and 
the brain’s remarkable ability to de¬ 
tect complex patterns almost instantly, 
such as recognizing a familiar face in a 
crowd. It would be impractical for the 
more than 10 billion neurons in the 
brain to exchange information by one- 
to-one connections; either there would 
have to be an astronomical number of 
connections, or each signal would have 
to travel through several dozen inter¬ 
mediate synapses at great cost in time. 
But if-neurons could communicate with 
one another via electromagnetic fields, 
as well as by nerve impulses, large pop¬ 
ulations of neurons would be able to 
communicate simultaneously. 

Although the cooperative-action 
model was outlined by the mid-1970s, 
only since 1980 has there been a rapid 
expansion of research devoted to test¬ 


ing and elaborating the theory. This 
expansion has been facilitated by the 
development of highly sensitive arrays 
of scalp electrodes for recording brain 
waves, along with computer-based tech¬ 
niques for analyzing these electromag¬ 
netic waves at high resolution in space 
and time. 

E voked potentials., Several re¬ 
searchers are attempting to break 
the code that human and animal brains 
appear to use to represent sensory in¬ 
formation, perceptions, and thoughts. 
These experiments are based on a tech¬ 
nique known as evoked-potential re¬ 
cording. A sensory stimulus, such as a 
click or a light flash, is presented to the 
subject while the EEG is recorded. By 
averaging many such events, it is possi¬ 
ble to cancel out the background activi¬ 
ty of the brain and extract the electrical 
activity specifically associated with the 
stimulus. The result is a wave repre¬ 
senting the brain’s response. 

A major focus of current research is 
to analyze the brain’s response to lan¬ 
guage, and it is here that investigators 
have obtained some of the most striking 
results linking thoughts to brain-wave 
patterns. Robert M. Chapman and his 
co-workers at the Univ. of Rochester 
showed in 1980 that words with similar 
connotations give rise to similar brain¬ 
wave patterns, and that these patterns 
are fairly consistent in different human 
subjects. Chapman’s findings suggest 
that there may be a universal language 
of the brain expressed in the EEG. If all 
words that connote "good” give rise to 
similar brain-wave patterns, then the 
occurrence of one such pattern in the 
brain could, in principle, call up the 
patterns of closely related words by the 
postulated resonance effect. 

Other researchers have looked at 
how the pattern of electrical potentials 
shifts over space and time as the mean¬ 
ing of a word changes. Warren S. Brown 
and James T. Marsh of UCLA, together 
with Dietrich Lehman of the Univer¬ 
sity Hospital in Zurich, Switzerland, 
recently recorded the brain waves of 
subjects while they listened to taped 
phrases in which the same word-sound 
was used alternately as a verb and a 
noun—for example, "a pretty rose” and 
"the boatman rows.” These investiga¬ 
tors found that different spatial and 
temporal patterns of the electromag¬ 
netic waves were generated in response 
to noun meanings and verb meanings. 
When subjects interpreted words as 
nouns, the potential fields peaked posi¬ 
tively near the front of the brain and 
then negatively near the back. But 
when words were interpreted as verbs, 
the field pattern was reversed. 

The brain also appears to encode vi¬ 
sual information in patterns of electro- 


A theory that the 
brain processes 
information with 
electromagnetic 
waves could 
give computer 
designers food 
for thought 


P300 



Emmanuel Donchin and his col¬ 
leagues at the Univ. of Illinois re¬ 
corded brain waves of subjects as 
they counted high-pitched (H) or 
low-pitched (L) tones in random 
sequences. When a series of low 
tones was followed by a high tone 
or vice-versa, a large positive wave 
appeared 300 milliseconds after 
the surprising stimulus (top). The 
less surprising the event, the 
smaller the P300 wave. 
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magnetic waves. Many researchers 
have noted that the ability of humans 
and animals to perceive gestalt proper¬ 
ties of images is hard to explain with 
a feature-detector theory. Donald M. 
MacKay of the Univ. of Keele (England) 
has shown that consistent differences 
in evoked-potential waves can be corre¬ 
lated with an image’s degree of "bro¬ 
kenness,” even though individual neu¬ 
rons do not respond consistently to any 
degree of brokenness. 

D ecoding the brain. Unraveling 
the brain’s method of coding infor¬ 
mation into electrical patterns is com¬ 
plicated by the fact that the brain gen¬ 
erally reacts not to what it observes 
directly, but to the difference between 
what is expected and what actually 
occurs. This phenomenon, termed ad¬ 
aptation, is commonly observed in ev¬ 
eryday life when oft-repeated or contin¬ 
uous sights and sounds fade from one’s 


awareness. In effect, the brain is mak¬ 
ing hypotheses about the world, and it 
changes them when, from moment to 
moment, unexpected occurrences con¬ 
tradict these working models. 

Fortunately, the adaptation process 
can serve as a tool to study how the 
brain changes its perceptions of the 
world. For example, Steven Hillyard 
and Mata Kutas of the Univ. of Califor¬ 
nia at San Diego have found that if a 
subject reads a sentence that ends with 
an unexpected word, a negative wave 
shows up 400 milliseconds after the 
appearance of the word. This wave is 
called the N400 component. The closer 
in meaning the word is to the expected 
sentence ending, the smaller the N400 
wave. For instance, if a subject reading 
the sentence "don’t touch the wet...” 
expects to find the word paint but in¬ 
stead reads the unrelated word dog, 
there is a large N400 wave. Yet if the 
subject is reading "he likes sugar in 


his... ” and expects the word tea but 
finds the related word coffee, the wave 
is much smaller. Thus the pattern of 
brain waves depends both on meaning 
and on what is expected. 

While the N400 wave is seen only in 
response to unexpected linguistic 
meanings, surprising events of any sort 
elicit specific responses in the pattern 
of brain waves. Donchin and his col¬ 
leagues at the Univ. of Illinois have 
studied the the P300 wave, the positive 
wave that appears about 300 millisec¬ 
onds after any surprising event, such as 
a high tone after a series of low tones, or 
a male name after a series of female 
names. Again, the more surprising the 
event, the larger the P300 wave. The 
wave is also seen when an expected 
event fails to occur. Donchin and others 
have shown that the P300 wave does 
not occur merely when an event is sur¬ 
prising—the event must also be impor¬ 
tant to the task the subject is perform¬ 
ing. Thus the P300 wave appears to be 
an indicator of the process by which the 
brain continually updates its model of 
the world in short-term memory. 

While one group of researchers has 
been studying the way electromagnetic 
wave patterns encode information, an¬ 
other group has investigated how the 
brain generates and compares wave 
patterns, recognizing those that are 
similar. A leading investigators in this 
area is Erol Basar of the Institute for 
Physiology in Liibeck, West Germany. 
Basar has used a powerful computer to 
analyze EEG and evoked-potential 
waves into their frequency compo¬ 
nents. This work has shown that the 
normal EEG has a number of broad but 
sharply defined bands, centered on fre¬ 
quencies from 1 hertz to a few thousand 
hertz. The frequency bands vary some¬ 
what from one part of the brain to 
another, but some are common to the 
entire brain. 

Evoked potentials have a similar 
overall frequency structure to the EEG, 
but with some significant differences. 
The effect of a sensory stimulus is to 
bring the brain into a more coherent 
state. In response to the stimulus, the 
frequency bands in various parts of the 
brain become much sharper and nar¬ 
rower, and they move into phase and 
frequency coherence. This sort of "mag¬ 
netic” behavior is typical of nonlinear 
oscillators found both in nature and in 
mechanical systems. Such oscillators 
respond to inputs of different strengths 
nonproportionately, yet are consistent 
in their behavior. 

Basar has found that the smaller the 
amplitude of each frequency band im¬ 
mediately preceding a given stimulus, 
the greater the band’s magnification 
following the stimulus. This effect may 
account in part for adaptation: The 
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Electrical field oscillations of the brain are concentrated in a few broad fre¬ 
quency bands (left). When stimulated by a specific event such as a 2000-hertz 
tone, the subject’s brain-wave frequencies become more sharply focused (right). 
Data from Erol Basar, Institute of Physiology, Liibeck, West Germany. 



10 100 1000 10,000 
Frequency (hertz) 

The pattern offield oscillations in the brain depends on the type of sensory 
stimulus. As shown in tracings recorded by Basar, an auditory stimulus (top) 
gives rise to a pattern different from that of a visual stimulus (bottom). 
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more the brain expects a given state to 
continue, the less it reacts to stimuli 
that match its expectations. Basar has 
also shown that a repetitive stimu¬ 
lus sets up an "expectancy wave” that 
peaks at the time the stimulus is ex¬ 
pected, even when the stimulus does 
not occur. This wave may therefore 
account for the major part of the P300 
"surprise” wave. 

The frequencies that are enhanced in 
an evoked-potential wave also depend 
on the stimulus itself. For example, 
Basar has found that auditory and visu¬ 
al stimuli give rise to grossly different 
frequency distributions of electromag¬ 


netic waves. To date, he has analyzed 
simple sensory stimuli such as clicks 
and flashes, but has not yet examined 
the brain’s responses to more subtle 
stimuli such as tones and colors. 

C haos theory. If all of the informa¬ 
tion in the brain turns out to be 
encoded in the frequency spectrum and 
spatial distribution of the EEG, then 
the language of the brain may not be 
very different from a spoken language, 
which is encoded in changing spectra of 
sound waves. 

Such systems of nonlinear oscillators 
are exceedingly difficult to analyze, be¬ 


cause they shift suddenly from periodic, 
organized behavior to chaotic behavior. 
This is where a new field of mathemat¬ 
ics known as chaos theory comes to the 
rescue. It describes how order, struc¬ 
ture, and information can arise in these 
systems, and is currently being applied 
to a wide range of physical, chemical, 
and biological processes. According to 
chaos theory, nonlinear systems oscil¬ 
late in specific patterns termed 
"strange attractors.” Interestingly 
enough, Basar has shown that when the 
amplitude of one brain frequency is 
plotted against the amplitude of anoth¬ 
er, the graph exhibits the same type of 


COMPUTERS AND THE BRAIN: AN A.!. PERSPECTIVE by Jonathan B. Tucker 


Investigators in the field of artificial in¬ 
telligence (Al) agree that brain re¬ 
search could have much to offer de¬ 
signers of future computers. 

"Certainly the first step toward build¬ 
ing a brainlike computer is under¬ 
standing what the brain is up to,” 
says Scott Fahlman, professor of 
computer science at Carnegie-Mellon 
University (Pittsburgh). “The brain is 
clearly using some tricks that we 
don’t understand yet—it’s more than 
just symbol processing on the von 
Neumann machine.” 

But current theories are still too 
vague and unproven to be of much 
help to computer designers today. 
“We know that the brain is highly 
connected and highly parallel, which 
certainly influences our computer ar¬ 
chitecture,” says Daniel Hillis, co¬ 
founder of Thinking Machines, an Al 
firm in Waltham, Mass. “We also 
know that it’s somewhat fault-tolerant, 
and designers of any big computer 
today have to take that into consider¬ 
ation.” But beyond such basic con¬ 
cepts, Hillis adds, “so little is known 
about the brain that it’s hard to draw 
many conclusions.” 

Marvin Minsky, professor of com¬ 
puter science at MIT, is also skeptical 
of the relevance of brain models to Al 
research—at least until more explicit 
theories are developed. The concept 
of information processing with electro¬ 
magnetic fields “is a romantic idea 
that’s been around for a long time, 
and nobody has ever demonstrated 
that it's as good as sending bits,” he 
says. “If somebody wrote a program 
simulating such a system and got 
some interesting behavior out of it, 
then that might suggest a new way of 
designing a computer.” 

Nevertheless, a few efforts are un¬ 
derway to build computers that, in 
Minsky's words, “are based on theo¬ 


ries of what a brain ought to do, al¬ 
though they don’t have much to do 
with what is known about the brain.” 
For example, Fahlman and two 
collaborators, computer scientist 
Geoffrey Hinton of Carnegie-Mellon 
and biophysicist Terry Sejnowsky of 
Johns Hopkins University, have devel¬ 
oped a software simulation of a novel 
computer architecture called the 
Boltzmann Machine. This theoretical 
computer consists of a large number 
of processors that behave somewhat 
like neurons in the brain. 

Each processor is connected to 
hundreds of others and is either “on” 
or “off” at any moment. The links be¬ 
tween a processor and its neighbors 
are assigned numerical “weights” 
that can be either positive or negative. 
To decide whether to change its state, 
each processor sums the weights of 
the inputs it receives from other cur¬ 
rently active processors and com¬ 
pares this sum with a threshold value. 
It then calculates its own state ac¬ 
cording to a probabilistic decision 
rule: If the sum is above the thresh¬ 
old, the processor usually (but not al¬ 
ways) turns on; if the sum is below 
the threshold, the processor usually 
turns off; and if it is exactly equal to 
the threshold, the processor turns on 
half the time. 

Because the activity of the individ¬ 
ual processors is probabilistic, the be¬ 
havior of the network as a whole can 
be analyzed with the same statistical 
formulas that describe the kinetic be¬ 
havior of gases. For this reason, the 
simulated machine was named after 
Ludwig Boltzmann (1844-1906), an 
Austrian physicist whose research on 
gas thermodynamics led to the field of 
statistical mechanics. “The major new 
idea in this architecture is that by hav¬ 
ing a probabilistic decision rule for 
what a unit does, it actually becomes 


much easier to analyze the behavior 
of large networks," Hinton explains. 

Information in the Boltzmann Ma¬ 
chine is stored not in the individual 
processors but in their connections, 
which are represented mathematically 
by the numerical weights. “The 
weights are obviously meant to be 
like synapses," Hinton says. The Car¬ 
negie-Mellon researchers have also 
developed a learning algorithm that 
changes the strengths of those con¬ 
nections on the basis of experience, 
so that the Boltzmann Machine is the¬ 
oretically capable of learning. “You 
just show it examples and it learns to 
build a model that explains those ex¬ 
amples,” Hinton says. 

Although the Boltzmann Machine 
was clearly inspired by the brain, 
there are some basic differences be¬ 
tween the simulated processors and 
real neurons. First, the processors are 
either on or off, whereas neurons 
communicate with pulse-coded trains 
of impulses. Second, the processors 
perform a simple addition of inputs, 
whereas information processing in 
neurons is considerably more com¬ 
plex. Third, the processors have sym¬ 
metrical connections, while neurons 
have highly asymmetrical ones. Final¬ 
ly, in the computer simulations there 
is no time lag in sending a signal from 
one unit to another, yet in the brain 
there is a significant delay. 

Fahlman and his co-workers are 
running simulations of Boltzmann Ma¬ 
chines containing up to a few hun¬ 
dred processors, and they hope to in¬ 
crease that number to several thou¬ 
sand. But Hinton cautions that actual 
Boltzmann hardware won’t be built for 
a long time. The main obstacle is that 
while a single neuron in the brain can 
handle more than 50,000 synaptic in¬ 
puts, present microprocessors are 
limited to only about 64 leads. 
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strange attractor as is seen in chaotic 
physical systems such as turbulent flow 
in liquids. 

This result indicates a statistical reg¬ 
ularity in the relationship between the 
two frequencies that is characteristic 
of nonlinear oscillators. Moreover, non¬ 
linear systems are fully deterministic 
yet unpredictable in detail: Although 


Mapping the brain 


their behavior is governed by exact 
laws and not chance, infinitesimal dif¬ 
ferences in the states of the oscillators 
at any given time will lead to widely 
different behaviors in the future. 

A number of efforts are now under¬ 
way to extend the analysis of the brain 
as a collection of nonlinear oscillators 
to the cellular and molecular levels. 


Arnold J. Mandell, a psychiatrist at the 
Univ. of California at San Diego, has 
discovered that certain polypeptides 
(short protein chains) in the brain have 
natural oscillations between 1 and 1000 
hertz. And Adey and Albert F. Law¬ 
rence at Loma Linda VA Hospital have 
proposed a tentative explanation for 
how neurons can respond to the ex- 



Study of brain cells’ collective electrical activity has relied 
heavily on computer-based techniques. One of the most im¬ 
portant advances has been the mapping of the brain’s 
electromagnetic fields at high spatial resolution with scalp 
electrodes. 

Another promising approach is to map the magnetic rath¬ 
er than the electrical component of the fields. Although the 
brain’s magnetic fields are only about a billionth the 
strength of the earth’s magnetic field, a scanner known as 
a superconducting quantum interference device (SQUID) is 
sensitive enough to measure them. This device consists of 
two magnetic coils supercooled to 4° Kelvin (—453° F). 

Lloyd Kaufman and Samuel Williamson at New York Uni¬ 
versity, among others, have used a SQUID to map the EEG 
of human subjects with great accuracy. Because the brain 
and the skull are transparent to magnetic fields, high reso¬ 
lutions can be obtained at the surface of the head. The 
NYU team claims that magnetic sources can be traced to 
within a few tenths of a millimeter. 

Recording the electromagnetic fields by implanting elec¬ 
trodes within the human brain is ethically justifiable only 
when needed to prepare a patient for brain surgery, and 
hence is done infrequently. In such cases, several elec¬ 
trodes spaced vertically along a single probe line reveal 
that the brain’s field is complex: Different patterns can be 
detected by electrodes as close as a millimeter apart. 

Since other parts of the EEG are constant over wide areas, 
the field comprises both small and large features. 

The same picture emerges from work with experimental 
animals, in which more extensive probing has been done. 
By identifying the sources and sinks of current flows, re¬ 
searchers can separate distant and local portions of the 
field oscillations. As more detailed and higher-resolution 
maps are developed, it may be possible to distinguish be¬ 
tween phenomena associated with the highly variable 
small-scale fields and those associated with the coherent 
whole-brain fields. One hypothesis is that the small-scale 
variations are closely tied to sensations (the brain’s map of 
the external world), while the whole-brain potentials are 
linked to the brain’s inner processes (the monologue that 
goes on inside our heads). 


System for visualizing brain waves, known as the Brain Elec¬ 
trical Activity Mapping (BEAM) machine, was developed by 
Frank H. Duffy and his co-workers at Children’s Hospital 
Medical Center in Boston. The BEAM machine converts EEG 
data from a 20-electrode array on the scalp into a multicolor 
map of brain-wave activity. The images at left represent the 
average topographic distribution of three EEG frequency 
bands in a group of normal adults resting with eyes closed. 
Reading from top to bottom, the images show the distribu¬ 
tion of delta waves, theta waves, and alpha waves. The color 
scale allows one to determine the intensity of the particular 
frequency band at any point on the head. 
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Amplitudes of two prominent frequencies in the EEC of a cat’s brain—the alpha 
rhythm and the beta rhythm—were plotted against each other by Basar, yielding a fig¬ 
ure-eight pattern known as a “strange attractor. ” This finding indicates that the vari¬ 
ous brain-wave frequencies are related in a complex but nonrandom manner. 


tremely low electromagnetic fields of 
the EEG. Their theory is based on the 
fact that the outer membrane of the 
neuron has embedded within it stringy 
molecules called glycoproteins, which 
stick out from the cell surface like 
a field of wheat. Adey and Lawrence 
hypothesize that calcium ions bind to 
sections of these glycoproteins and con¬ 
vert them to a higher-energy confor¬ 
mation, like coiled springs. The ions 
appear to participate in chemical reac¬ 
tions that oscillate at characteristic fre¬ 
quencies. Thus when electromagnetic 
waves with frequencies close to those of 
the chemical oscillations impinge on 
the glycoproteins, they set up a reso¬ 
nant motion that shakes the ions loose, 
releasing far more energy than is con¬ 
tained in the waves themselves. 

This theory is consistent with Adey’s 
observations that weak external elec¬ 
tric fields, modulated at frequencies 
close to the EEG, can alter the calcium 
balance of a cat’s brain. But the theory 
remains tentative, and so far it does not 
explain how neurons can later modify 
their reactions to a given field in re¬ 
sponse to past experience—that is, how 
memories are formed and changed. 

I mplications for computing. The 

new model of the brain as a set of 
nonlinear oscillators with a mediating 
electromagnetic field has important 
implications for the design of future 
computers. A computer based on these 
principles would, as stated, differ from 
existing machines in two fundamen¬ 
tal ways. First, it would operate on con¬ 
tinuous rather than discrete signals. 
Second, communication among its ele¬ 
ments would be via electromagnetic 
waves spreading continuously through 
the network of computing elements, 
rather than by signals traveling along 
separate communication lines linking 
the individual elements. 

This concept would make possible an 
entirely different approach to the prob¬ 
lem of designing massively parallel 
computers. Although it is possible to¬ 
day to build many individual processors 
working in parallel, each processor 
functions sequentially: It takes a set of 
inputs, performs an operation on them, 
and then does the same to the next set 
of inputs. Thus communication of data 
between the various processors creates 
serious traffic problems. But if all the 
processors were connected through a 
continuous electromagnetic field, their 
contributions to the field would occur 
simultaneously and in a completely 
parallel manner. 

Such a computer would also be inher¬ 
ently capable of generalizing from ex¬ 
perience. For example, suppose the 
computer detected an object, such as a 
car, similar but not identical to one it 


had seen before. The stimulus would 
generate a pattern of electromagnetic 
waves similar in some respects to pat¬ 
terns that had already been stored in 
memory. Some of these stored patterns 
would be evoked by "resonance” with 
the sensory input, enabling the comput¬ 
er to recognize the object as a member 
of the "fuzzy set” of cars. Recognition 
could then trigger a behavioral re¬ 
sponse, such as moving a steering de¬ 
vice on a vehicle to avoid a collision 
with an oncoming car. 

A computer based on cooperative ac¬ 
tion would consist of hardware compo¬ 
nents that could convert an input from 
an external sensor into a pattern of 
oscillating electromagnetic waves. 
These components would produce a res¬ 
onant wave pattern when exposed to 
wave patterns similar to those already 
stored in memory. They could also mod¬ 
ify their own stored wave patterns to 
correspond with new ones from the out¬ 
side world or from internal processes. 

There are at least four theoretical 
approaches to the development of such 
"field-effect” computers. One approach 
would be to use microwave circuits 
built from conventional components: 
sets of nonlinear oscillators that could 
send and receive microwave informa¬ 
tion. This method might be simplest 
from a technological standpoint but 
would result in extremely complex and 
expensive machines. 

A second approach would be to build 
the computer out of basic computing 
elements that function naturally as 
nonlinear oscillators. For example, 
Josephson junctions—superconducting 
devices that have been investigated as 
a possible basis for superfast comput¬ 
ers—behave as nonlinear oscillators in 
the microwave region. But it would be 
necessary to overcome formidable tech¬ 


nological problems owing to the fact 
that Josephson junctions operate only 
at liquid-helium temperatures. 

A third approach would start with 
optical computing, the one form of com¬ 
puter technology that already uses elec¬ 
tromagnetic fields. In optical comput¬ 
ers, the interference of light waves is 
used to perform functions such as pat¬ 
tern recognition. Present optical tech¬ 
nology uses only linear interactions, so 
that an image must be virtually identi¬ 
cal to a stored model for the pattern 
recognition system to identify it. The 
introduction of controlled nonlinearity 
into such systems, permitting recogni¬ 
tion of similar but nonidentical pat¬ 
terns, would be a very difficult task. 

A final and even more speculative 
approach would be to build a computer 
based on molecular computing ele¬ 
ments. Indeed, a small but growing re¬ 
search effort is focusing on the idea of 
molecular computers, in which individ¬ 
ual molecules, rather than silicon mi¬ 
crocircuits, would serve as the basic 
functional elements (HIGH TECHNOLO¬ 
GY, Feb. 1984, p. 36). While most atten¬ 
tion until now has focused on using 
molecules for switching, it is at least 
conceivable that, as in the brain, artifi¬ 
cial arrangements of molecules could 
be made to respond as nonlinear oscilla¬ 
tors to electromagnetic fields. 

Although the development of such 
exotic computers remains in the realm 
of blue-sky ideas, increased knowledge 
of the human brain may well inspire 
computer designers to seek altogether 
new machines with intelligence and the 
ability to learn. □ 


Eric J. Lerner is a freelance journalist 
who writes extensively on science and 
technology. 
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full virtual memory support, but 
leadership networking capabili¬ 
ties as well. Plus access to appli¬ 
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industry. 

For incomparable flexibility, 
the MicroVMS operating system 
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numerical control, automatic 
test equipment, small business 
computing, expert systems, tele¬ 
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The VAXELN * operating 
system is Digital’s new 32-bit 
Pascal-based, realtime executive. 
VAXELN is a state-of-the-art soft¬ 
ware environment optimized for 
realtime control, distributed com¬ 
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operating environment, Digital’s 
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VMS* realtime operating system 
repackaged for the micro envi¬ 
ronment. It not only gives you 
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SOLAR POWER 

Large-scale generating stations based on photovoltaics, solar-thermal technologies, 


Central-station 
photovoltaic 
plant at Carrisa 
Plain, Cal. Solar 
cells are mount¬ 
ed on trackers 
equipped with 
metal reflectors. 
(Photo courtesy 
ofARCO Solar.) 



Far left: Large 
wind farm at 
Altamont Pass, 
Cal. (Photo by 
Ed Linton, U.S. 
Windpower, Inc.) 
Left: Parabolic 
mirror system at 
Shenandoah, Ga. 
(Photo courtesy 
of Georgia 
Power Co.) 


E lectricity is a clean and versatile 
form of energy that will continue 
to grow in importance for light¬ 
ing, heating, and cooling, and for 
powering our increasingly automated 
and computerized society. Although 
overall energy use in the United States 
has leveled off, demand for electricity is 
expected to grow at an average annual 
rate of 2.5% over the long term, accord¬ 
ing to the National Electrical Manufac¬ 
turers Assoc.’s Ninth Biennial Survey 
of Power Equipment Requirements. Be¬ 
cause energy policy planners generally 
agree that a mix of energy sources is 
required as a hedge against shortages 
in any one area, electric utilities 
around the United States are taking a 
second look at renewable generating 


technologies, particularly those based 
on the sun. 

Every 15 minutes, the sun delivers to 
the earth enough radiant energy to 
meet all of mankind’s power needs for a 
full year. But harnessing this energy is 
complicated by two properties of sun¬ 
light: its diffuseness and its variability 
with time of day, season, and weather 
conditions. These factors pose formida¬ 
ble technical challenges for the effi¬ 
cient conversion of solar radiation into 
bulk, utility-grade electric power. Nev¬ 
ertheless, solar technologies are attrac¬ 
tive to utilities because they are envi¬ 
ronmentally benign and offer "a low 
regulatory risk, limited capital risk, 
and short lead times,” says Steven L. 
Hester, a research engineer with Pacif¬ 


ic Gas & Electric (PG&E—San Francis¬ 
co). Since solar-power systems typically 
consist of arrays of discrete generating 
modules, utilities can increase capacity 
in small increments with limited finan¬ 
cial commitment, instead of investing 
several years and large amounts of cap¬ 
ital to build a major fossil-fuel or nucle¬ 
ar plant. 

The world leader in the use of solar 
power is the state of California, which 
expects to obtain most of its additional 
generating capacity in the late 1980s 
and the 1990s from a variety of renew¬ 
able sources; all coal and nuclear-power 
plants projected for that period have 
been canceled. California’s leadership 
in solar power is due to its wealth of 
renewable resources such as sunshine, 
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GOES ON-LINE 

and wind power are plugging into the U.S. utility grid ♦ by Jonathan B. Tucker 


Aerial view of 
Solar One. (Both 
photos by Peter 
Menzel.) 





Sun-tracking 
mirrors at Solar 
One plant (Bar- 
stow, Cal.) focus 
sunlight onto a 
central receiver 
atop a tower. 


water, and wind, a favorable regulatory 
and political environment, and a combi¬ 
nation of federal and state policies that 
give nonutility third parties a strong 
financial incentive to invest in renew¬ 
able-energy systems that produce elec¬ 
tricity for sale to local utilities. 

The Public Utility Regulatory Policy 
Act (PURPA), passed by Congress in 
1978, requires utilities to interconnect 
with and buy power from small produc¬ 
ers of electric power (less than 80 mega¬ 
watts capacity) and pay them the "full 
avoided cost”—the dollar amount the 
utility would otherwise have to pay to 
produce the power itself. In addition, 
the state of California provides a gener¬ 
ous 25% investment tax credit for re¬ 
newable-energy projects on top of the 


15% federal tax credit, thereby limiting 
investment risk. 

Although the power produced by so¬ 
lar plants is not yet competitive on U.S. 
utility grids without tax credits, rapid 
technological advances promise to re¬ 
duce costs significantly over the next 
decade. Indeed, two recent studies done 
for the electric utility industry by Bat- 
telle-Columbus Research Laboratories 
(Columbus, Ohio) and the Electric Pow¬ 
er Research Institute (EPRI—Palo Alto, 
Cal.) predict that certain solar-electric 
technologies will become economically 
viable for U.S. bulk-power markets by 
the early to late 1990s. Having recog¬ 
nized solar’s potential, a number of ma¬ 
jor U.S. utilities are already testing 
large demonstration systems in collabo¬ 


ration with equipment manufacturers 
and government research labs. This ef¬ 
fort is essential because solar-power 
plants—like any new source of electric¬ 
ity—will have to be tested for many 
years before utilities can be confident in 
their reliability. 

The most rapid technological ad¬ 
vances are being made in the area of 
silicon photovoltaic (PV) cells, which 
convert solar radiation directly into 
electricity. When photons of sunlight 
strike the cell, electrons are knocked 
free from silicon atoms and are drawn 
off by a grid of metal conductors, yield¬ 
ing a flow of direct current. Solar cells 
offer several advantages over conven¬ 
tional sources of electricity: They re¬ 
quire no fuel, are self-contained, have 









Fixed flat-plate PV array at 
Papago Indian Village in Gun- 
site, Ariz., comprises modules 
of single-crystal silicon solar 
cells. (Photo by Dan McCoy/ 
Rainbow.) 



no moving parts, are nonpolluting in 
operation, and need little maintenance 
over a lifetime of 20 years or more. 

Groups of PV cells are mounted onto 
a rigid plate and wired together to form 
modules—the building blocks of solar 
electric systems. A typical module has a 
surface area of half a square meter and 
a generating capacity of about 50 watts. 
The power output of a PV system is 
rated in kilowatts of peak power—that 
is, the wattage the cells would deliver 
when exposed to vertical rays of noon 
sunlight on a clear day. Virtually any 
power output can be supplied by mount¬ 
ing dozens of modules onto panels, 
which can in turn be combined into 
large arrays. Although PV systems will 
work almost anywhere, locations that 
receive less intense sunlight require 
larger arrays to generate the same 
amount of power. Thus a 1-kilowatt PV 
system will produce 2500 kilowatt- 
hours per year in the Southwest but 
only 1600 in New England or the 
Northwest. 

P hotovoltaic plants. Because of the 
low energy density of sunlight, a 
central-station PV plant requires an ar¬ 
ray field covering 10 to 20 acres of land 
for each megawatt of installed capacity. 
Power-conditioning equipment is also 
necessary: Solid-state inverters convert 
the direct current (dc) generated by the 
solar cells into alternating current (ac) 
compatible with the utility grid. Stor¬ 
age batteries are often used to smooth 
power fluctuations caused by clouds. 

At present, large, central-station PV 
plants for generating bulk utility power 
are more economical than rooftop sys¬ 
tems. "Because of the costs associated 
with marketing, distribution, and con¬ 
nection to the utility grid, the price of 
an installed consumer PV system can 
easily be three times as high as the 
factory price,” explains Edgar A. 
DeMeo, manager of the Solar Power 
Systems Program at EPRI. "A utility 
buying modules in bulk can do much 
better; there might be an add-on of 50% 
rather than 200%.” Although distribu¬ 
tion of electricity from central-station 


plants involves transmission losses, 
these are usually no more than 10%. 

Central-station PV arrays are of 
three types: fixed flat-plate, tracking, 
and tracking-concentrator. While fixed 
flat-plate arrays are the least expen¬ 
sive and require minimal maintenance, 
microprocessor-controlled equipment 
that enables the modules to follow the 
sun as it moves across the sky can 
increase power output by as much as 
40%. The higher capital cost of track¬ 
ing systems is offset by their increased 
power output; it is not yet known 
whether maintenance costs will be sub¬ 
stantially increased. 

Tracking-concentrator systems in¬ 
clude mirrors or lenses that focus the 
sun’s rays onto the modules, boosting 
their power output by a factor of 50 or 
more. Since tracking-concentrator sys¬ 
tems can collect only direct rays, they 
work well in the southwestern U.S. but 
poorly in the Southeast, where humid¬ 
ity and cloudiness make solar radiation 
more diffuse. 

The first privately funded central- 
station PV plant, known as Lugo Sta¬ 
tion, was built over a seven-month peri¬ 
od in 1982 by ARCO Solar (Woodland 
Hills, Cal.) on the high desert near 
Hesperia, Cal. The 1-megawatt plant is 
a field of 108 trackers covering 20 acres. 
Each tracker is 32 feet square, com¬ 
prises 256 solar modules, and follows 
the sun along two axes. Ever since Lugo 
Station went on-line in November 1982, 
it has fed electricity into the 
distribution grid of Southern Califor¬ 
nia Edison (SoCal Edison—Rosemead, 
Cal.). The plant is designed for un¬ 
manned operation, starting itself up at 
sunrise and shutting down at sunset. 
"Computers control the trackers and 
inverters, and we remotely monitor 
them through data lines,” says Robert 
Tolbert, manager of major project oper¬ 
ations for ARCO Solar. According to 
Tolbert, the system’s reliability last 
year was better than 98%. 

ARCO Solar is building two other cen¬ 
tral-station PV power plants in Califor¬ 
nia. One is located on the Carrisa Plain, 
at an altitude of 2000 feet between San 


46 HIGH TECHNOLOGY/AUG 1984 


Luis Obispo and Bakersfield; when 
completed, it will produce a total of 16.5 
megawatts of peak power for sale to 
PG&E. By mid-1984, 756 trackers erect¬ 
ed over an area of 160 acres were pro¬ 
ducing roughly 6 megawatts of peak 
power. The other PV plant under con¬ 
struction is the first phase of what may 
eventually become a 100-megawatt fa¬ 
cility for the Sacramento Municipal 
Utility District (SMUD). Roughly 40% 
of the initial 1-megawatt installation— 
about 50 single-axis trackers—went on¬ 
line June 15, according to project man¬ 
ager Mark Anderson. 

C ost barrier. About half the cost of 
today’s PV systems is for the solar 
modules themselves; the remainder— 
referred to as the balance-of-system 
(BOS) cost—stems from the structures 
that support the modules, power-condi¬ 
tioning equipment (electrical inverters, 
batteries, and wiring), site preparation, 
engineering fees, and so forth. Im¬ 
proved building techniques and materi¬ 
als have already slashed BOS costs to 
less than $2 a watt, according to Jerry 
Noel, project manager for solar energy 
materials and devices at Battelle Co¬ 
lumbus Labs. But although BOS costs 
have come down sharply, the major 
hurdle remains the price of the PV 
modules themselves. 

The cost of silicon solar modules has 
dropped from nearly $20 per peak watt 
in 1977 to about $7-8 per peak watt if 
bought in small quantities, and about 
$5 per peak watt if bought in megawatt 
quantities. These prices are already 
competitive for remote applications 
(more than a mile from existing distri¬ 
bution lines), but if PVs are to compete 
in U.S. bulk-power markets, much low¬ 
er module prices will be required. The 
U.S. Dept, of Energy (DOE) has targeted 
a cost of about 70</ per peak watt (in 
1982 dollars) as the point at which PVs 
will become competitive with natural 
gas and oil for generating peak-hour 
electric power. "If solar cells can meet 
DOE cost goals by the 1990s, then in 
certain locations solar photovoltaics 
will be a competitive technology,” says 
William R. Huss, principal research sci¬ 
entist in the energy economics group at 
Battelle Columbus Labs. 

The single-crystal silicon solar cells 
used today are costly because they re¬ 
quire large amounts of highly purified 
silicon and are manufactured by a 
batch process. These cells contain sili¬ 
con in a highly ordered crystalline 
form, in which each atom is bonded to 
four neighbors. In an effort to reduce 
costs, alternative development paths 
are being pursued, including thin films 
made of amorphous silicon. Unlike 










crystalline silicon, amorphous silicon is 
a glasslike material in which the atoms 
are randomly bonded to one another 
and not all bonding sites are occupied. 

Amorphous silicon absorbs light so 
efficiently that a film 1 micron thick— 
less than /20 the thickness of a piece of 
paper—can function as a solar cell. 
Such films are relatively inexpensive 
because they use about l /mo of the silicon 
in a conventional wafer device. They 
can also be manufactured automatical¬ 
ly and at much lower temperatures by 
one of two processes—glow discharge or 
chemical vapor deposition—in which a 
silicon-hydrogen gas is deposited onto 
an inexpensive substrate of glass, thin 
metal, or plastic sheet. An advantage of 
this approach is that the thin layer of 
amorphous silicon can be applied over 
large surface areas. 

Six companies in the United States 
are engaged in R&D on amorphous-sili¬ 
con solar cells. Factories capable of 
manufacturing some 10 megawatts of 
cells a year are in various stages of 
construction, according to Paul May- 
cock, president of Photovoltaic Energy 
Systems, a consulting firm in Alexan¬ 
dria, Va. ARCO Solar has a small pilot 
production facility and will begin to 
market cells late this year. Solarex 
(Rockville, Md.) acquired RCA’s amor¬ 
phous-silicon technology and is prepar¬ 
ing to manufacture solar modules for 
power use. Chronar (Princeton, N.J.) 
has three plants under construction, 
each of which will be capable of produc¬ 
ing about 1 megawatt of amorphous- 
silicon solar cells annually. Energy 
Conversion Devices (Troy, Mich.) has 
built a plant with Sharp in Japan and is 
now producing 1.5 megawatts of solar 
cells per year; a new plant in Michigan, 
financed in partnership with Standard 
Oil of Ohio, will start production this 
fall. In addition, two other companies, 
Spire (Bedford, Mass.) and 3M (Minne¬ 
apolis) have received contracts from the 
DOE to develop amorphous-silicon tech¬ 
nology. Meanwhile, several Japanese 
firms, led by Sanyo, Sharp, and Fuji 
Electric, have begun to produce amor¬ 
phous-silicon cells in commercial 
quantities. 

I mproving efficiency. The draw¬ 
back of amorphous-silicon thin films 
is their low conversion efficiency— 
about half the 11% characteristic of 
single-crystal silicon cells. Although 
amorphous-silicon thin films have 
achieved efficiencies in the lab of about 
10% over small areas, their efficiency 
drops to 3-5% when the cells are scaled 
up in production to module size. 

According to PG&E’s Hester, module 
efficiencies of 10-15% are required for 


central-station PV plants. Lower effi¬ 
ciencies must be compensated for by 
increasing the number of modules, re¬ 
sulting in high BOS costs because of the 
extra structures needed to support 
them. Specifically, switching from an 
efficiency of 10% to one of 5% means 
that twice the area of solar modules is 
required to produce the same power 
output, which has the effect of doubling 
the area-related BOS costs (not includ¬ 
ing power conditioning) from about 75# 
per watt to $1.50. 

Improving the efficiency of amor¬ 
phous-silicon solar cells while keeping 
module costs low will require complex 
engineering trade-offs. "Clearly the 
goal is to get the most efficient system 
for a given dollar amount,” says Leon¬ 
ard M. Magid, former head of the U.S. 
government’s National Photovoltaic 
Conversion Program and now a princi¬ 
pal consultant with PA Consulting Ser¬ 
vices (Princeton, N.J.) "You can afford 
to pay a higher price for more efficient 
solar cells because they produce addi¬ 
tional power. But if improving the effi¬ 
ciency by 10-15% means doubling the 
cost, that won’t necessarily fly.” 

Perhaps the most promising new PV 
technology is the "tandem,” or "multi¬ 
junction,” cell, consisting of multiple 
layers of thin-film photovoltaic materi¬ 
als, each sensitive to a different part of 
the solar spectrum. Multijunction cells 
are not much more difficult to manu¬ 
facture than single-layer cells and are 
theoretically capable of efficiencies of 
more than 30%. 

Last October, the DOE-funded Solar 
Energy Research Institute (SERI) in 
Golden, Colo., launched a three-year, 
$18.6 million research program de¬ 
signed to accelerate the development of 


amorphous-silicon thin-film solar cells. 
The program is a cost-sharing arrange¬ 
ment in which SERI will provide ap¬ 
proximately 70% of research expenses, 
and private subcontractors the remain¬ 
ing 30%. Its goals are to achieve a 12% 
conversion efficiency in single-junction 
amorphous-silicon solar cells of at least 
one square centimeter, an 8% conver¬ 
sion efficiency for amorphous-silicon 
modules of at least 1000 square centi¬ 
meters, and a strong technical base in 
multijunction cells leading to 18% con¬ 
version efficiency by 1988. 

PV Energy Systems’ Maycock pre¬ 
dicts that amorphous-silicon thin-film 
solar cells with at least 10% efficiency, 
a 20-year lifetime, and a cost of $1.50 
per watt will be achieved by 1990. Such 
cells would be economically competi¬ 
tive for central power generation with¬ 
out tax credits. Thin-film solar modules 
would also weigh much less than crys¬ 
talline-silicon modules, permitting the 
use of lighter supporting structures and 
hence reducing area-related BOS costs. 

But Maycock is not convinced that 
amorphous silicon will necessarily dom¬ 
inate the market. "Since it’s easier to 
get very low costs for amorphous sili¬ 
con—at least on paper—many people 
are pinning their hopes on this area, but 
other technologies are still in the run¬ 
ning,” he says. Recently, for example, 
single-crystal silicon cells with an effi¬ 
ciency of 19% have been developed. (See 
"Efficiency rises for solar cells,” p. 10.) 
Other strong contenders include ribbon- 
crystal silicon and cast semicrystalline 
silicon. "I foresee a many-horse race 
until about 1992, when a clear leader 
should emerge,” Maycock concludes. 

Cheap, efficient solar cells could have 
a major impact on electric-power gener- 
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ation in the United States, particularly 
for intermediate and peak-load power 
in Sunbelt states where there is sum¬ 
mer daytime peaking (due mainly to air 
conditioning loads). Eventually, with 
the development of cost-effective sys¬ 
tems for storing electricity, PV plants 
should also be able to make a contribu¬ 
tion to base-load power generation. 

S olar-thermal plants. A different 
approach to generating electricity 
from the sun is to concentrate the ther¬ 
mal energy in sunlight, yielding high 
temperatures that can convert water to 
steam to drive electric turbines. To heat 
a fluid to above 750° F with good effi¬ 
ciency, it is necessary to intensify sun¬ 
light by a factor of at least 200. This 
degree of concentration is possible only 
with mirrors or lenses that continuous¬ 
ly track the sun’s position and focus its 
rays onto fixed points called receivers. 

Three types of solar-thermal concen¬ 
trator systems have potential for bulk 
electricity generation. The first consists 
of a large number of sun-tracking para¬ 
bolic dish mirrors more than 20 feet in 
diameter, each having at its focal point 
a thermal receiver through which a 
high-temperature oil circulates. Once 
heated, the oil from all the dishes is 
pumped to a heat exchanger, which 
produces steam. Georgia Power’s proj¬ 
ect in Shenandoah, a planned commu¬ 
nity south of Atlanta, comprises 114 
parabolic dishes manufactured by Solar 
Kinetics (Dallas) and produces 400 kilo¬ 
watts of electricity and process heat for 
a knitware factory. In addition, DOE 
has built a single 36-foot-diameter, 25- 
kilowatt parabolic dish at Rancho Mi¬ 
rage, Cal., and plans to begin construc¬ 
tion of 100-kilowatt multiple-dish 
plants in Osage City, Kans., and Molo¬ 
kai, Hi., in fiscal 1986. 

The second type of solar-thermal con¬ 
centrator is a parabolic trough system. 
A field of trough-shaped collectors lined 
with a highly reflective material con¬ 
centrates sunlight onto linear receiver 
tubes along the focal lines of the 
troughs, heating a fluid inside that is 
then pumped to the point of use. The 
collectors track the daily movement of 
the sun along one axis. Luz Engineering 
(Encino, Cal.) is currently constructing 
a parabolic trough system near SoCal 
Edison’s Cool Water Generating Sta¬ 
tion (Daggett, Cal.). Solar energy will 
heat the oil working fluid to about 
590° F, enabling it to convert water to 
steam. The temperature of the steam 
will then be boosted to 780° F by a gas- 
fired superheater, thereby improving 
the thermodynamic efficiency of the 
electrical generation process, according 
to Howard S. Coleman, director of 


DOE’s Solar Thermal Division. The first 
phase of the project will generate a net 
output of 13.8 megawatts for sale to the 
utility; the total plant will have a net 
capacity of 41 megawatts when it is 
completed in 1986. 

The third solar-thermal design is the 
central receiver system (CRS), or "pow¬ 
er tower.” A large receiver structure is 
positioned atop a high tower, at the 
focal point of a large array of sun¬ 
tracking mirrors called heliostats. 
These mirrors follow the sun through¬ 
out the day and transmit sunlight onto 
the central receiver; the concentrated 
thermal energy is then transferred to a 
working fluid (water, oil, molten salt, or 
liquid sodium), which generates high- 
pressure steam for conversion to elec¬ 
tricity. "Central receiver systems have 
the great advantage that heat is trans¬ 
mitted almost entirely as radiation, and 
consequently the losses are substantial¬ 
ly reduced,” says Frank Kreith, senior 
research fellow at SERI. 

Because the heliostat array covers 
about 6000 square meters for each 
megawatt of thermal energy produced, 
CRS plants cannot be located in devel¬ 
oped areas. But there are large ex¬ 
panses of unused desert land in the 
Southwest that receive abundant sun¬ 
light and would make ideal sites. For 
example, the first demonstration CRS 
plant, known as Solar One, was built 
near the town of Barstow in southern 
California’s Mojave Desert. The plant 


comprises a circular array of 1818 sun¬ 
tracking mirrors, each 430 square feet 
in area, which beam sunlight onto a 
central receiver atop a 300-foot tower. 
Solar One, which went on-line in 1982, 
produces 10 megawatts of peak electric 
power for SoCal Edison. Overall conver¬ 
sion efficiencies of better than 25% 
have been achieved with few mainte¬ 
nance problems. 

An advantage of the power tower is 
that heat transferred to a working fluid 
is relatively easy to store. Solar One’s 
thermal storage system ranges in ca¬ 
pacity from "buffer” storage over short 
periods, such as cloud passage, to lon¬ 
ger-term storage for up to six hours. 
Although several workers now run the 
plant, it will eventually be fully auto¬ 
mated, requiring only one person to 
oversee the entire facility. 

According to the Battelle Columbus 
study, CRS technology "ranks high in 
technical, economic, and institutional 
feasibility.” A CRS plant would take 
four years to build and would have an 
operating lifetime of 30 years. But CRS 
plants are not yet competitive with con¬ 
ventional fuels: The study estimated 
that a plant starting up in 1990 would 
produce electricity at a cost 60% higher 
than that of a conventional coal-fired 
plant. Solar-thermal plants will there¬ 
fore be economically viable only in ar¬ 
eas with abundant sunlight, large ex¬ 
panses of cheap land, and poor access to 
fossil fuels. 


Central receiver system consists of a large field of sun-tracking mirrors called helio¬ 
stats, which reflect sunlight onto a receiver mounted on a tower. The concentrated sun¬ 
light heats a working fluid (here water), driving a turbine/generator. 
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Oecond-generation plants. The cost- 
Oeffectiveness of CRS plants should 
improve as second-generation facilities 
are designed. Because about 60% of a 
plant’s total capital cost comes from the 
heliostats, an intensive R&D effort is 
underway to reduce their price and im¬ 
prove efficiency. Kreith and his co¬ 
workers at SERI are developing a more 
accurate sun-tracking mechanism for 
the heliostats, as well as an inexpensive 
substitute for costly glass mirrors—a 
thin membrane of highly reflective 
plastic or metal stretched over a frame 
to create a large and optically accurate 
reflecting surface. 

Another goal of current research is to 
improve the efficiency of CRS plants by 
achieving higher operating tempera¬ 
tures. At Sandia National Laboratories 
(Albuquerque, N.M.), an experimental 
CRS plant is using molten salt as the 
heat-transfer fluid because it can carry 
more heat per pound than water/ 
steam. In addition, SERI researchers 
have developed a new design concept in 
which the concentrated solar radiation 
impinges directly on a molten-salt 
working fluid flowing down an inclined 
plane, instead of transferring heat 
through a system of pipes. 

Two commercial second-generation 
CRS plants are also in the works. SoCal 
Edison is negotiating with McDonnell 
Douglas Astronautics (Huntington 
Beach, Cal.) for the construction of a 
2000-acre, 100-megawatt CRS system 
called Solar 100. And PG&E is working 
with Bechtel (San Francisco), Rockwell 
International’s Energy Systems Group 
(Canoga Park, Cal.), and ARCO Solar on 
a design for a 30-megawatt power tower 
with a liquid-sodium working fluid that 
may eventually be built on the Carrisa 
Plain with third-party financing, ac¬ 
cording to Tom Hillesland, a senior 
electrical engineer at PG&E. 

A major drawback of existing CRS 
plants is that they use water for cooling 
and for production of steam to drive 
electric turbines; water is scarce in the 
desert areas where the plants would 
operate most economically. Alterna¬ 
tives under study include cooling sys¬ 
tems using atmospheric air and closed- 
cycle conversion systems based on 
liquid sodium. 

S olar ponds. Another promising so¬ 
lar-thermal technology is the salt- 
gradient solar pond: a shallow body of 
still water that collects solar radiation 
and stores it as heat that is then con¬ 
verted to electric power. Unlike other 
solar generating technologies, solar 
ponds have inherent thermal storage 
capacity. Heat trapped by the pond dur¬ 
ing sunny hours can be utilized 24 


hours a day—even during the winter 
months when there is relatively little 
sunlight. Thus solar ponds can generate 
electricity whenever it’s needed, not 
just when the sun is shining. Because 
electrical transmission is a relatively 
efficient method for transferring ener¬ 
gy, "you can build a solar pond where 
the necessary resources are, and then 
transmit the electricity to areas where 
the power is needed,” says Ital Meitlis, 
senior research engineer at SoCal Edi¬ 
son and manager of the utility’s Solar 
Pond Project. 

Although solar pond technology has 
been studied for 20 years, its applica¬ 
tion to large-scale energy production 
has only recently become feasible. The 
theory behind solar ponds is quite sim¬ 
ple. Normally, the convection of water 
in a pond results in even temperature 
throughout. But convection can be sup¬ 
pressed by dissolving salt in the pond at 
concentrations that increase with 
depth. Since salt water is heavier than 
fresh water, it forms a dense layer 
along the bottom of the pond, with the 
layers of less salty water above acting 
as insulation to prevent heat loss to the 
air. As a result, the bottom layer can 
approach the boiling point. 

The thermal energy stored in a solar 
pond is converted to electricity with a 
Rankine-cycle heat engine. First, the 
hot brine is drawn from the bottom of 
the pond and pumped into an evapora¬ 
tor, where it vaporizes an organic work¬ 
ing fluid such as freon, which boils at 
low temperature. The freon vapor flows 
under pressure through nozzles to turn 
an electric turbine, and then travels to 
a condenser, where cool fresh water 
from the top layer of the pond or from a 
separate evaporation pond condenses it 
back to a liquid. Finally the freon is 
pumped back to the evaporator, where 
the cycle begins again. 

Construction of an economical solar 
pond requires inexpensive flatland, am¬ 
ple solar radiation, a supply of cooling 
water, a low-cost source of salt or brine, 
and access to utility interconnection. 


"The major difficulty with an electric¬ 
ity-producing solar pond is that the low 
temperatures lead to small conversion 
efficiencies, which makes every little 
cost significant,” says Marshall Alper, 
manager of the Solar Energy Program 
at NASA’s Jet Propulsion Lab (JPL— 
Pasadena, Cal.). 

Beginning in the late 1970s, SoCal 
Edison participated in an in-depth 
study with JPL and DOE on the design 
for a 600-megawatt solar pond, to be 
built near the Salton Sea in southern 
California’s Imperial Valley, but the 
project was cancelled because of insuffi¬ 
cient funding. This year, however, So¬ 
Cal Edison signed a power-purchase 
agreement with Ormat Systems (Hop- 
kinton, Mass.), an Israeli company that 
has pioneered the development of large- 
scale solar ponds for producing electric 
power. Ormat recently completed its 
first commercial plant—a 5-megawatt 
installation near the Dead Sea, cover¬ 
ing 60 acres and costing $20 million— 
and has put together the engineering 
and financing package for the first so¬ 
lar-pond power plant in the U.S. 

According to Hezy Ram, marketing 
manager for alternative energy sys¬ 
tems at Ormat, the company will be 
building a 48-megawatt solar pond on 
Danby Dry Lake in southeast Califor¬ 
nia, near the Arizona border. The dry 
lake bed has a large supply of brine just 
underground, which will be pumped 
out and concentrated by evaporation. 
To prevent the concentrated brine from 
seeping out of the pond, Ormat has 
developed a patented liner system con¬ 
sisting of multiple layers of polyethyl¬ 
ene sheeting and compacted clay. 

SoCal Edison will help with site selec¬ 
tion and interconnection to the utility 
grid, and has agreed to buy electric 
power from the plant for 30 years. The 
pond will collect solar radiation 
throughout the day but will generate 
electricity only during peak hours (1-7 
PM weekdays in the summer, 5-10 PM 
weekdays in the winter), when the rates 
paid by the utility are the highest. The 
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power-purchase contract calls for com¬ 
pletion of the first phase of the proj¬ 
ect—a 12-megawatt solar pond cover¬ 
ing about 100 acres—by the end of 1985, 
with the remaining 36 megawatts to be 
finished between 1987 and 1989. 

Ormat also hopes to build a large 
solar pond near Utah’s Great Salt Lake. 
Solar ponds require a heat sink—a 
source of cool water—in order to con¬ 
dense the freon working fluid. Thus, 
although there is less aggregate solar 
radiation in Utah because the state has 
more cloudy and snowy days, the avail¬ 
ability of colder water means that the 
Rankine engines would operate more 
efficiently. Because of this trade-off, so¬ 
lar ponds can work well at higher lati¬ 
tudes, although the technology is limit¬ 
ed by its requirements for cheap land, 
access to transmission lines, and ample 
supplies of brine and topping water. 

W ind power. Of the radiant ener¬ 
gy from the sun that reaches the 
earth every day, only 2% is converted 
into wind, yet this fraction still repre¬ 
sents a significant quantity. According 
to a recent study by the Worldwatch 
Institute (Washington, D.C.), enough 
wind energy is available in the United 
States to provide up to 14% of the 
nation’s projected demand for electric¬ 
ity in the year 2000. Like other forms of 
solar energy, wind power is nonpollut¬ 
ing and renewable. 

Wind turbines are of two basic types: 
horizontal-axis and vertical-axis. Al¬ 
though most wind turbines in current 
use are of the former type, vertical-axis 
Darrieus turbines are also appearing 
on the scene in commercial numbers. 
These machines, resembling upside- 
down eggbeaters, consist of two or three 
curved aluminum blades turning a cen¬ 
tral upright shaft, which is connected to 


a ground-based generator. While hori¬ 
zontal-axis turbines have a higher per¬ 
formance efficiency, vertical-axis tur¬ 
bines are easier to maintain and repair 
because the generator is on the ground. 
Power-conditioning units convert the 
direct current produced by wind tur¬ 
bines into alternating current compati¬ 
ble with the utility grid. 

Horizontal-axis turbines come in a 
wide variety of sizes, ranging from 
small 10-kilowatt turbines to towering 
4-megawatt behemoths with a rotor di¬ 
ameter of 256 feet. Because giant tur¬ 
bines have high capital costs and main¬ 
tenance problems due to severe stresses 
in high winds, only about half a dozen 
are in service nationwide. Large tur¬ 
bines have also aroused protests be¬ 
cause of their annoying sounds, low- 
frequency vibrations, and interference 
with TV reception. 

Over the past several years, "wind 
farms” consisting of large arrays of me¬ 
dium-sized wind turbines have been in¬ 
stalled at windy sites (such as mountain 
passes) to feed power into local utility 
grids. The electric power generated by 
wind farms is consumed as soon as it is 
generated, enabling utilities to con¬ 
serve fossil fuels. Utilities pay wind- 
farm companies according to a stan¬ 
dard schedule, with rates determined 
by season and time of day. 

Because wind turbines can be danger¬ 
ous if they break apart in heavy winds, 
they must be erected far from housing 
developments, on land such as steep or 
rocky terrain otherwise suitable only 
for livestock grazing. Most wind-farm 
companies buy or lease a windy site, 
analyze wind patterns, plan the array, 
and install machines purchased from a 
supplier. Some firms manufacture their 
own turbines, including Fayette (Tracy, 
Cal.), U.S. Windpower (San Francis¬ 


co), WindMaster (Sacramento), and Flo- 
Wind (Kent, Wash.). 

While a few scattered wind farms 
have been installed in several midwest- 
em and western states, the vast major¬ 
ity are in California. By the end of 1983, 
some 40 wind-farm companies in Cali¬ 
fornia had installed more than 4000 
wind turbines at favorable sites such as 
Altamont Pass near Livermore. Cur¬ 
rent installations statewide have a total 
generating capacity of over 250 mega¬ 
watts, enough to meet the electrical 
needs of about 100,000 households. Ac¬ 
cording to estimates by the California 
Energy Commission, roughly 4000 
megawatts of wind farms—enough to 
supply 8% of the state’s electricity— 
will be on-line by the year 2000. 

Although the wind industry has fo¬ 
cused on medium-sized turbines, it has 
recently begun to scale up to larger 
machines, mainly in the 100-250-kilo- 
watt range but with a few as large as 
500-600 kilowatts. "My feeling is that 
the industry must learn to walk before 
it can run,” says John Day, president of 
Strategies Unlimited (Mountain View, 
Cal.), a renewable-energy consulting 
firm. "Boeing couldn’t build the 747 
before it had built the 707. In the same 
way, we have to learn how to make 
intermediate-sized turbines before we 
can scale up to larger ones.” Larger 
turbines are more economical because 
operating and maintenance costs re¬ 
main constant while power output in¬ 
creases, although a point of diminish¬ 
ing returns is reached when construc¬ 
tion costs begin to escalate. No one is 
yet sure exactly what the optimal size 
is, but Day speculates that it may be 
between 1.5 and 3 megawatts. 

Because of improved technology and 
increased experience, operating and 
maintenance costs for wind farms are 


Thermal energy collected in a solar pond drives a Rankine-cycle an organic working fluid, which then flows under high pressure to 

heat engine. Hot water from the bottom level of the pond vaporizes drive a turbine/generator. 
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declining steadily. "Downtime for resi¬ 
dential-sized wind systems has gone 
from 60-70% four or five years ago to 
less than 10% today,” says Tom Gray, 
executive director of the American 
Wind Energy Association (AWEA—Al¬ 
exandria, Va.). "I expect to see similar 
and probably faster improvement with 
wind farms. Because the turbines are 
all located at the same site, it’s easier to 
make improvements and determine 
quickly whether a problem is generic.” 

Gray predicts that if the prices of 
conventional fuels continue to rise at 
their present slow rates, wind power 
will reach the competitive range some¬ 
time between 1985 and 1990. Still, it 
will take time for the next generation of 
cheaper, more durable, and more reli¬ 
able turbines to be developed and test¬ 
ed. Intensive research is underway on 
new materials for turbine blades—in¬ 
cluding glass fibers, graphite fibers, and 
composites—and on advanced aerody¬ 
namic design to reduce system loads. 
Meanwhile, the wind-turbine industry 
is lobbying Congress to renew the feder¬ 
al tax credits, which are due to expire at 
the end of 1985. If the credits are ex¬ 
tended long enough to subsidize the 
next generation of wind turbines, says 
AWEA’s Gray, the wind-power industry 
should become a viable commercial 
enterprise. 

S olar’s potential. It is hard to predict 
which solar technologies will prove 
most viable. But as demonstration 
plants are built, there will be a natural 
weeding-out process: Those technolo¬ 
gies that can make it into the future 
without tax credits will survive, and 
those that cannot will fall by the way- 
side. What seems clear is that many 
solar technologies that are not competi¬ 
tive at today’s prices will become much 
more so in the future. "Most of the large 
solar plants now being built are first of 
a kind,” says SoCal Edison’s Meitlis. 
"When you build a pilot plant, you 
usually find ways of making it cheaper 
the second time around. So if solar 
plants are marginally successful now, 
it’s likely that the next generation can 
be built for 20% or 30% less, making up 
for the lack of tax credits.” 

What percentage of the nation’s elec¬ 
trical needs will be met by solar power 
in the year 2000? Estimates range from 
2% to more than 20%, a crucial vari¬ 
able being the price of conventional 
fuels. SMUD’s Anderson contends it will 
be 30 years before there are enough 
solar plants in operation to make a real 
difference. But PV Energy Systems’ 
Maycock predicts that by the year 2000 
there will be 5000 megawatts of 
installed photovoltaic modules—the 


Darrieus vertical-axis wind turbine at a 
test facility in Sandia, N.M. (Photo cour¬ 
tesy of DOE.) 



equivalent of five nuclear reactors or 
coal-fired plants—with annual produc¬ 
tion on the order of 1000 megawatts. 
Although photovoltaics would still con¬ 
stitute less than 5% of the nation’s 
generating capacity, PA’s Magid notes 
that manufacturing and connecting 
1000 megawatts of photovoltaic capaci¬ 
ty would take only a year—a tenth the 
time needed to build an equivalent- 
power nuclear plant. Moreover, while 
conventional plants generate no power 
until construction is complete, portions 
of a large PV array can go on-line as 
they are installed. 

Market penetration by solar technol¬ 
ogies will clearly not be uniform across 
the country. Central-station solar-ther¬ 
mal and PV plants will serve initially to 
fill peak-load demand in regions of the 
Sunbelt where sunlight is intense and 
land prices are relatively low. Large- 
scale construction of PV plants will 
probably begin in the mid-1990s, al¬ 
though it may be constrained by the 
rate at which solar modules can be 
manufactured. 

Before PV arrays can start to provide 
intermediate and base-load power, how¬ 
ever, an inexpensive method will have 
to be developed for storing surplus elec¬ 
tric power generated by solar plants. 
Batteries for storing electricity are still 
too costly, but promising technologies 
include compressed-air storage in deep 
underground caverns, and pumped-hy- 
dro storage, in which surplus electric 
power generated during the day is used 
to pump water uphill; at night the wa¬ 
ter is allowed to flow back down, driv¬ 
ing an electrical turbine. PG&E is con¬ 
structing a pumped-hydro station, but 
because such systems require large 


amounts of water and are inefficient 
and capital-intensive, few will be built 
in the near future. 

In the long run, the most efficient 
way to store solar-electric power may be 
in the form of high-energy chemical 
bonds. One approach is to pass electric¬ 
ity through water, splitting water mole¬ 
cules into hydrogen and oxygen. At 
night, or when solar systems are not 
operating at capacity, the stored hydro¬ 
gen gas can be passed through fuel cells 
and converted back to electricity. In 
principle, hydrogen gas produced at 
large central-station solar plants could 
be distributed through existing natu¬ 
ral-gas pipelines to distant parts of the 
country where direct solar conversion 
is less economical. But because hydro¬ 
gen has a very low density and is highly 
combustible, it poses major technical 
problems for storage and safe handling. 
Other chemical storage concepts in¬ 
clude methane gas and an artificial 
variant of photosynthesis. 

Continuing research on solar-electric 
generation and storage should eventu¬ 
ally yield cost-effective solutions. Advo¬ 
cates stress that an intensive invest¬ 
ment in solar R&D must be made now if 
the inevitable transition away from fos¬ 
sil fuels to more sustainable forms of 
energy is to be smooth. "If you look at 
the history of technology,” says SERI’s 
Kreith, "it takes about 30 years for a 
new generating system to achieve ma¬ 
jor market penetration.” 

Another incentive to develop solar 
power arises from the increasingly seri¬ 
ous problems associated with conven¬ 
tional fuels. "Over the next 50 years, 
only three categories of energy technol¬ 
ogy make sense—coal and other solid 
fossil fuels, fissile nuclear resources, 
and renewables,” says Denis Hayes, 
former director of SERI and now a con¬ 
sulting professor of civil engineering at 
Stanford University. "There are intrac¬ 
table problems with fossil fuels because 
of carbon dioxide, which will become a 
major global issue. And if we rely on 
light-water reactors and breeders, 
we’re going to have a huge amount of 
fissionable isotopes moving through the 
world’s arteries of commerce, which 
would make the world a pretty unstable 
place. So that means we’ve got to put 
intensive effort into developing more 
elegant renewable technologies, so that 
we’ll have a wider array of options to 
choose from.” □ 

Jonathan B. Tucker is a senior editor of 
HIGH TECHNOLOGY. 


For further information see BUSI¬ 
NESS OUTLOOK on next page and 
RESOURCES on page 78. 
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BUSINESS 

OUTLOOK 


Wind, photovoltaics lead renewable market 


Wind and photovoltaics are receiving 
the bulk of the attention in the mar¬ 
ket for renewable energy sources be¬ 
cause they come closest to generating 
electricity as cheaply as conventional 
fuels. They are, however, still far from 
being cost-competitive. While coal and 
nuclear fuels produce power at about 
4? per kilowatt-hour, power costs twice 
that amount with wind and eight times 
as much with photovoltaics. 

But wind and photovoltaics are ex¬ 
pected to come down in price through 
the decade as more power plants based 
on those technologies are built and 
suppliers realize economies of large- 
scale production. Two photovoltaic 
plants and at least 60 "wind farms” are 
now in operation in the U.S., and more 
of each are in the works. Sales of wind 
hardware, worth $290 million last 
year, are increasing 140% annually 
and should be worth $410 million by 
the end of ’84, according to John Day, 
president of the market research firm 
Strategies Unlimited (Mountain View, 
Cal.). While photovoltaic hardware 
sales were less than $170 million in ’83, 
Paul Maycock, president of the con¬ 
sulting firm Photovoltaic Energy Sys¬ 
tems (Alexandria, Va.), projects sales 
will top $210 million this year. 

As plant construction continues and 
advances are made in technologies, the 
cost of electricity from wind should 
approach that of electricity from con¬ 
ventional fuels as early as 1990, ac¬ 
cording to a study by the energy eco¬ 
nomics group at Battelle Columbus 
Laboratories (Columbus, Ohio). Photo¬ 
voltaics is not expected to be as cost- 
competitive until at least the mid-’90s, 
notes William Huss, a principal re¬ 
search scientist at Battelle. Huss quali¬ 
fies those projections, however, by say¬ 
ing that they depend on whether the 
market develops at its current rate. If 
plant construction falls off, costs may 
take longer to come down. 

Federal and state tax incentives are 
now enticing individual and corporate 
investors to build wind- and photovol¬ 
taic-based power plants. Most of those 
plants are operating in California, 
where the state provides a generous 
25% energy tax credit on top of the 
federal government’s 15% credit. The 


credits, however, will soon expire; Cali¬ 
fornia’s credits run out at the end of 
’86, and the federal government’s at 
the end of ’85. New legislation would 
be required to extend them. 

While analysts are generally confi¬ 
dent that suppliers will be able to low¬ 
er costs enough for wind to be economi¬ 
cally feasible by the time the credits 
expire, they express doubt that the 
same will hold true for photovoltaics. 
"Wind power has been around for a 
long time, and it’s already close to 
being cost-competitive,” notes Edward 
Dickson, a senior analyst with Strate¬ 
gies Unlimited. He adds that the only 
strides yet to be made in the market 
are in extending the lifetimes of wind 
turbines, thus allowing power-plant 
owners to spread capital equipment 
cost over longer periods. 

Photovoltaic suppliers have a hard¬ 
er row to hoe. More research is re¬ 
quired in order to increase the efficien¬ 
cies by which photovoltaic cells extract 
electricity from the sun, and manufac¬ 
turers must substantially reduce cell 
production costs. Earnings derived 
from hardware sales to power-plant 
operators are now helping to fund that 
research, but those earnings are in 
jeopardy. 

"Photovoltaic hardware suppliers 
are already using some pretty creative 
accounting procedures to entice third 
parties to invest in power plants,” says 
Robert Johnson, of Strategies Unlimit¬ 
ed. "Without the credits, I’m not so 
sure they’ll be able to attract support.” 

In lieu of government incentives, 
vendors may have to finance plants 
themselves or turn to markets other 
than electric utilities. Johnson notes 
that photovoltaic systems are economi¬ 
cal in remote telecommunications ap¬ 
plications and as central sources of 
power for small villages in third-world 
nations. While these applications are 
much smaller than the bulk utility 
market, he says they will enable sup¬ 
pliers to clear inventories, move down 
the learning curve, and cut production 
expenses. 

The market for wind hardware is 
controlled primarily by small firms 
such as Fayette (Tracy, Cal.), U.S. 
Windpower (San Francisco), ESI (Lit- 



underwrite their massive R&D 
costs, tax credits are playing a 
key role in driving developments 
within the photovoltaics indus¬ 
try. Our future tax policy will 
determine how quickly this mar¬ 
ket shapes up.” 

John Corsi 
President 
Solarex 


tleton, Colo.), Enertech (Norwich, Vt.), 
and Flo-Wind (Kent, Wash.). Foreign 
competitors include the Netherlands’ 
Polemko, Belgium’s HMZ, and three 
Danish firms: Vestas, Nordtank, and 
Wind Matic. 

The majority of the entrepreneurial 
ventures that pioneered the photovol¬ 
taics hardware market either were 
forced to drop out of the business or 
were acquired by large diversified oil 
companies. Most of the independents 
that managed to survive are financing 
their activities through joint ventures 
with oil interests. "The research and 
development costs associated with pho¬ 
tovoltaics are prohibitive to small sup¬ 
pliers,” notes Strategies Unlimited’s 
Day. "But oil companies can afford to 
look to the future at the expense of 
short-term profits.” Among the partici¬ 
pants in the market are Atlantic Rich¬ 
field’s ARCO Solar Div. (Woodland 
Hills, Cal.), Standard Oil of Indiana’s 
Solarex subsidiary (Rockville, Md.), 
and Mobil Oil’s Mobil Solar En¬ 
ergy (Waltham, Mass.). Smaller firms 
include Solavolt (Phoenix), in partner¬ 
ship with Shell, and Energy Conver¬ 
sion Devices (Troy, Mich.), in partner¬ 
ship with Standard Oil of Ohio ,—F.J.C. 
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No longer a black art, 
catalyst science 
provides formulations 
with improved yields, 
higher efficiencies, 
lower costs, and 
greater selectivity 
♦ 

by Thomas H. Maugh II 



Industry steps 


A fter years of modest growth, the 
search for new industrial cata¬ 
lysts has suddenly picked up 
steam. Behind the trend are some po¬ 
tent driving forces: the need for new 
sources of energy and chemicals, the 
desire for new products, and the poten¬ 
tial scarcity of metal catalysts such 
as platinum, palladium, and rhodium 
(called noble metals because of their 
corrosion-resistance). At the same time, 
catalyst research, once rather arcane, is 
being put on a more rational footing. 

Perhaps the most striking develop¬ 
ment in catalysis over the past decade is 
the wealth of new knowledge about the 
behavior of molecules on catalyst sur¬ 
faces. These discoveries, made possible 
by a powerful new generation of com¬ 
puters and analytical instruments, may 
soon pay off handsomely in the form of 
new catalysts that are tailor-made for 
specific functions, provide high yields, 
and are based on less costly metals. 

The importance of catalysts can 


hardly be exaggerated. They are in¬ 
volved in the manufacture of nearly 
every chemical used in industry, every 
synthetic fiber found in clothes, and 
every detergent used to clean them. 
The catalytic production of ammonia 
(used in fertilizers) makes possible the 
high yields of modern agriculture. In 
fact, a strong case could be made that 
modern society would be unable to exist 
without catalysts. 

Most catalysts—defined as com¬ 
pounds that effect chemical changes 
without themselves being changed— 
consist of metal particles deposited on 
solid supports made of such materials 
as alumina or silica. (Many metals are 
used, including iron, nickel, platinum, 
and palladium.) When chemical reac¬ 
tants are passed over these formula¬ 
tions, they are converted into myriads 
of useful products. 

Exactly how these transformations 
occur is not completely known, but the 
adsorption (adherence) of reactant mol- 
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JP QUEST FORCATALYSTS 


ecules onto metal surfaces to form tem¬ 
porary bonds with the metals seems to 
be a vital step. Apparently the bonds to 
the metal weaken internal reactant 
bonds, leaving them susceptible to rup¬ 
ture and rearrangements. 

While some researchers are filling in 
the gaps in their knowledge of the mo¬ 
lecular behavior of catalysts, others are 
readying whole new classes of cata¬ 
lysts. These are some key areas under 
development: 

♦ Shape-selective systems, which al¬ 
low molecules of only certain sizes and 
shapes to be produced, boosting yields 
of wanted products while cutting down 
on unwanted byproducts. Catalysts 
based on natural and synthetic miner¬ 
als called zeolites, particularly Mobil’s 
system for converting methanol to gaso¬ 
line, are the best-known examples. 

♦ Cluster catalysts, consisting of small 
numbers of interconnected metal at¬ 
oms and attached side groups. Their 
molecular structures permit great se¬ 


lectivity in favor of one or two pro¬ 
ducts. They may also allow cheaper 
metals such as nickel to be used in place 
of costly metals such as chromium. 

♦ Homogeneous systems, in which 
both catalysts and reactants are in solu¬ 
tion. They not only offer great selectiv¬ 
ity but cut down on materials used in 
catalysts. Several homogeneous cata¬ 
lysts offer attractive new routes to syn¬ 
thetic rubber and fiber intermediates. 

♦ Chiral catalysts, which are optically 
active (they rotate a beam of polarized 
light to the right or left instead of let¬ 
ting it pass unimpeded as do most other 
molecules). Such catalysts allow selec¬ 
tive syntheses of compounds that are 
also chiral; many of these are valuable 
hormones or drugs. 

♦ Photocatalysts. These are com¬ 
pounds that use sunlight or some other 
light source to generate electricity or 
split out valuable hydrogen from water. 
These catalysts may eventually help 
get rid of sulfur dioxide emitted from 


power plants by employing the noxious 
gas in hydrogen-from-water processes. 

Whatever the ultimate benefits of 
these new varieties, present catalysts 
are already a thriving venture for 
chemical makers. Worldwide sales last 
year topped $1.6 billion. But this is just 
the tip of the iceberg. The total value of 
products made with the aid of catalysts 
in 1983 was $300-500 billion, according 
to Vladimir Haensel of the Univ. of 
Massachusetts. 

Despite the economic importance of 
catalysts, there has been little scientific 
knowledge about how they actually 
work. But this is changing. The comput¬ 
er, for example, now allows researchers 
to create a theoretical model of the 
electron distributions of simple mole¬ 
cules—those in synthetic gas (or syn¬ 
gas), for instance—during reaction. 
This is leading to a new understanding 
of what actually happens during cataly¬ 
sis—the first step toward being able to 
predict the course of new reactions. 
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In the meantime, microprocessor- 
controlled operation and data gather¬ 
ing have led to an alphabet soup of 
instruments—with names like LEED, 
AES, HREELS, ESCA, SIMS, EXAFS, and 
TDS—for studying catalyst surfaces. 
More than 80 analytical techniques are 
in use. Most involve bombarding cata¬ 
lysts with light, atoms, electrons, or 
neutrons and analyzing resultant emis¬ 
sions of energy or particles. Such emis¬ 
sions give clues to the nature of catalyst 
surfaces and intermediate states. 

Nowhere are these tools coming in 
handier than in the study of heteroge¬ 
neous catalysts—systems in which re¬ 
actions in solution occur on the surface 
of solid metals, metal oxides, or miner¬ 
als such as silica or alumina. Some 90% 
of chemical products are made with the 
help of heterogeneous catalysts. 

New insights may open the door to 
custom-made catalysts. For instance, it 
may soon be possible to use advanced 


Catalysts have been inextricably 
linked to industry since 1835, when 
the Swedish chemist Jons Jakob 
Berzelius first coined the term to de¬ 
scribe materials that facilitate reac¬ 
tions without themselves being con¬ 
sumed. By the turn of the century, it 
was known that catalysts exert their 
effects by changing only the rate of a 
reaction. In other words, catalysts 
cannot force a reaction to occur if it is 
not predestined chemically. 

Perhaps even more important than 
catalysts' ability to increase reaction 
rates is their tendency to alter rates 
selectively so that a desired reaction 
is favored over competing reactions. 
When crude petroleum is heated, for 
example, large molecules are broken 
down into a great number of smaller 
ones, a process known as cracking. 
But when a catalyst is used in the 
cracking process, the slate of prod¬ 
ucts is sharply reduced to a few de¬ 
sirable ones. 

The era of large-scale catalysis be¬ 
gan in 1904 with German chemist 
Fritz Haber's catalytic synthesis of 
ammonia. This process, in which at¬ 
mospheric nitrogen is passed over a 
bed of iron particles, is still used in 
virtually the same form today. 

Catalyst use picked up dramatically 
during World War II when cracking of 
petroleum became necessary to pro¬ 
duce high-octane fuel for high-com¬ 
pression engines. The trend continued 
after the war with the introduction of 
catalytic reforming, which converts lin¬ 
ear hydrocarbons into cyclic benzene- 
type hydrocarbons called aromatics, 


spectroscopic techniques "to look at a 
surface and tell if it will be a good 
catalyst,” says David Hercules of the 
Univ. of Pittsburgh. It may also soon be 
feasible to alter surfaces in a predictable 
way. "We can begin to think about using 
[specially introduced] impurities to tai¬ 
lor catalysts for specific purposes,” says 
D. Wayne Goodman of Sandia National 
Laboratories (Albuquerque, N.M.). 

S hape-selective systems. The revo¬ 
lution in research techniques isn’t 
the only significant trend in industrial 
catalysts. Equally important is the pro¬ 
liferation of new classes of catalysts, of 
which one of the most intensively stud¬ 
ied is shape-selective systems. First dis¬ 
covered about 20 years ago by Paul B. 
Weisz at Mobil Oil (New York), these 
catalysts are based on the use of po¬ 
rous materials—referred to generically 
as molecular sieves—containing micro¬ 
scopic cavities of known size. Many dif¬ 


What’s an industrial catalyst? 

in order to increase octane. Another 
postwar growth area was the use of 
catalysts to produce polymers such 
as plastics and synthetic rubber. Cat¬ 
alysts got another boost in the late 
1970s when automobile manufactur¬ 
ers began installing catalytic convert¬ 
ers on cars to control emissions. 

Today the petroleum industry is the 
largest user of catalysts. In 1983 it 
used an estimated 4.5 billion pounds, 
worth $530 million. The chemical in¬ 
dustry in the same year used about 
210 million pounds of catalysts, worth 
about $485 million; and the auto in¬ 
dustry used $325 million worth in 
emission control. In addition, the 
chemical, pharmaceutical, detergent, 
and food industries used about $200 
million worth of enzyme catalysts. 
Overall, catalyst use is increasing by 
about 3.5% a year. 

Industrial catalytic reactions are 
usually carried out in either batch or 
continuous reactors. Batch reactors 
are charged with reactants, solvent, 
and catalyst, and sealed until the re¬ 
action is completed, whereupon the 
desired products are separated from 
the rest of the mixture. In continuous 
reactors a steady stream of reactants 
is introduced at one end and passes 
over a catalyst (often a metal deposit¬ 
ed on an inert support such as alumi¬ 
na or silica gel). The products are 
continuously withdrawn and purified at 
the other end. The supports in these 
reactors not only provide a large sur¬ 
face area on which reactions can take 
place but also prevent coalescence of 
catalyst particles, which would hinder 


ferent materials have been used as mo¬ 
lecular sieves, but the most important is 
a family of aluminosilicate zeolites. 

Shape-selective catalysts were devel¬ 
oped to remedy one of the principal 
drawbacks of other heterogeneous sys¬ 
tems: their lack of selectivity. In such 
industrial reactions as the Fischer- 
Tropsch process (the reaction of synthe¬ 
sis gas—a mixture of carbon monoxide 
and hydrogen—to yield hydrocarbons 
and oxygenated organics) and catalytic 
reforming (transforming hydrocarbon 
fuels into products of higher octane 
rating), a wide spectrum of products is 
generated. But for most applications— 
production of high-octane gasoline, for 
example—a narrow product range is 
desirable. 

One way to achieve this narrowed 
distribution is to place a catalyst made 
of a noble metal (platinum, palladium, 
ruthenium, or rhodium) inside the cavi¬ 
ties of the zeolite. The dimensions of the 


activity. Heating, cooling, or pressur¬ 
ization is sometimes necessary in 
both types of reactors. 

Many varieties of catalyst are used, 
although most are metals or metal- 
containing compounds. In the hydro¬ 
genation of olefins (hydrocarbons with 
double bonds), for example, metals 
such as platinum, palladium, rhodium, 
and nickel are employed. The widely 
used Ziegler catalyst, which converts 
ethylene into polyethylene, consists of 
a titanium compound such as titanium 
dichloride and an aluminum com¬ 
pound such as triethylaluminum. Am¬ 
monia synthesis uses an iron-based 
catalyst. And a vanadium pentoxide 
catalyst on a silica support helps the 
hydrocarbon naphthalene react with 
oxygen to form phthalic anhydride, a 
key synthetic fiber intermediate. 

Most catalysts have ‘‘active” sur¬ 
faces, which can form temporary 
bonds with reactant molecules. Typi¬ 
cally these molecules must be ad¬ 
sorbed (must adhere) onto a catalyst 
surface for reactions to occur. The 
rates of catalytic reactions depend 
primarily on the relative rates of ad¬ 
sorption of reactants and desorption 
(release) of products. 

Many catalysts lose their potency 
after a while. In some cases they can 
be regenerated by simple heating to 
drive away films or deposits on their 
surfaces. In other cases, however, 
chemical ‘‘poisons” react more or 
less permanently with the active sur¬ 
faces of catalysts, blocking further ac¬ 
tivity. When this happens, the catalyst 
must be replaced. 
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In other cases reactants fit into pores but attempt to yield intermediates that cannot 
fit (bottom). In such cases, further reaction is thwarted. When intermediates fit within 
pores, however, products are readily formed (top). 


cavity then control molecular sizes or 
limit the range of products in catalytic 
reforming. 

Zeolites are particularly valuable for 
converting linear hydrocarbons into 
branched ones that have much higher 
octane ratings: Linear hydrocarbons 
readily fit into the cavities, where 
they are catalytically rearranged into 
branched compounds. But the cavities 
constrain the growth of these branched 
hydrocarbons to the desired size. The 
zeolite itself has many chemically acid¬ 
ic sites that aid in catalytic reactions, 
particularly the rearrangement of hy¬ 
drocarbon side chains. 

Perhaps the most important new use 
of zeolites is a process developed at 
Mobil for the conversion of methanol 
(derived from coal or other fossil fuels) 
into gasoline. The process occurs in two 
stages. In the first, methanol is passed 
over a heterogeneous catalyst, consist¬ 
ing of either nickel or cobalt mixed with 
thorium oxide, to produce a mixture of 
hydrocarbons; the hydrocarbons are 
then passed through a proprietary zeo¬ 
lite, dubbed ZMS-5, that converts them 
to gasoline. As much as 86% of the feed 
can be converted into gasoline, calculat¬ 
ed on the basis of the methanol’s carbon 
content. On a weight basis, however, as 
much as 56% of the product is water. 

The first commercial application of 
the Mobil methanol-to-gasoline process 
will take place at a plant in New Zea¬ 
land. Beginning in 1985, the plant will 
convert 140 million cubic feet of natu¬ 
ral gas per day into about 14,000 barrels 
of motor fuel. Meanwhile, Union Car¬ 
bide Corp. (Danbury, Conn.) announced 
last year that it had developed its own 
zeolite-based methanol-to-gasoline pro¬ 
cess. Methods like Mobil’s or Carbide’s 
might eventually prove valuable for 
producing gasoline from alcohol de¬ 
rived from the fermentation of biomass. 

M etal clusters. Zeolites aren’t the 
only way to increase selectivity. 
An alternate approach is to reduce the 
size of the catalyst from the convention¬ 
al crystallites (microcrystals) to a well- 
defined cluster consisting of anywhere 
from two or three to a dozen or more 
metal atoms. This is desirable because 
different sites on catalyst surfaces— 
crystal facets, edges, terraces, defects, 
and adatoms (atoms projecting from a 
plane)—may yield different products. 
For instance, in the Fischer-Tropsch 
process, methane might be formed only 
by edge atoms, cyclohexane might be 
produced at a site near a terrace, bu¬ 
tane at a site with four adjacent atoms, 
and so forth. If the size of the cystallite 
could be reduced, however, the number 
of competing reactions might also be 
reduced. "In principle,” says Geoffrey 
A. Ozin of the Univ. of Toronto, "if you 


have only one size and shape of cluster, 
you could get only one product.” 

Small clusters have other advan¬ 
tages. An obvious one is that they mini¬ 
mize the use of expensive metals. An¬ 
other is that clusters of a few metal 
atoms differ from bulk metals in their 
electronic properties; thus they might 
have unusual catalytic activity. 

Until recently, work on clusters had 
been stymied by the difficulty of pro¬ 
ducing the molecules and by inade¬ 
quate instruments for studying them. 
But the situation is changing with re¬ 
cent advances in instrumentation and 
the development of two new approaches 
to making the clusters. 

One method, developed by Richard 
Smalley of Rice University (Houston) 
and Andrew Kaldor and his colleagues 
at Exxon Research and Engineering 
(Linden, N.J.), uses pulsed lasers to va¬ 
porize a metal target in the throat of a 
supersonic expansion nozzle. In such a 
nozzle, the resulting stream of particles 
is passed through a cylindrical device. 
The vapor, exiting the nozzle at super¬ 
sonic speed and high pressure, expands 
suddenly, cooling to as low as 2° Kelvin 
(near absolute zero) and forming metal 
clusters of two to 200 atoms. 

Ozin and Martin Moscovitz of the 
Univ. of Toronto have used the nucle- 


ation of metal atoms at very low tem¬ 
peratures to produce small clusters. In 
this method, gaseous metal atoms are 
mixed with relatively large amounts of 
inert gases and cooled to about 10-20° 
Kelvin. The metal atoms are then en¬ 
trapped in a growing film of inert gas, 
either singly or in very small clusters. 

Although research is focusing mostly 
on the molecular structures of cluster 
compounds, some important industrial 
applications may emerge from the 
work. For example, Ozin has produced 
catalysts consisting of cluster com¬ 
pounds inside zeolites. In one experi¬ 
ment with such a system, involving the 
reaction of carbon monoxide and hydro¬ 
gen, the product contained 85% of one 
type of molecule (butenes), an "extra¬ 
ordinary” selectivity, says Ozin, that 
would have been impossible in the past. 

Moscovitz has also produced some 
unique catalysts in a new way. Instead 
of using the cavities of zeolites to con¬ 
tain the metal catalysts, he has used the 
tiny pores in an aluminum oxide coat¬ 
ing that forms on the outside of an 
aluminum anode in an electrochemical 
cell. When metal atoms are deposited 
onto the aluminum oxide, they form 
small clusters whose size is constrained 
by the size of the pores. An iron catalyst 
produced in this fashion gave much 
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A cluster compound (1) consisting of 
three mutually bonded iron atoms can 
initiate a cyclic process that converts ni¬ 
triles (compounds with a CN group) into 
valuable intermediates called amines 
(compounds with an NH 2 group). One of 
the iron atoms is attached to the nitrogen 
of an acetonitrile (CH 3 CN) molecule’s tri¬ 
ple bond, while the electrons in the triple 
bond form loose ties with the other iron 
atoms. Addition of hydrogen, along with 
heating, forms (2); in (2) the nitrogen is 
now bound to all three irons, and the 
carbon of the triple bond is hydrogenat¬ 
ed to CH 2 . Exposure of (2) to acetonitrile 
results in a molecular rearrangement to 
(3). Then (3) expels a molecule of ethyla- 
mine (CH 3 CH 2 NH 2 ), regenerating (1). 


higher overall yields in the carbon mon¬ 
oxide and hydrogen reaction than 
yields achieved by Ozin, although prod¬ 
uct selectivities were lower. 

Moscovitz has also used his technique 
to prepare a nickel cluster catalyst. 
This catalyst reduces (adds electrons 
to) unwanted nitrogen oxide pollutants 
in the presence of either hydrogen or 
methane as fast as far more expensive 
platinum and 20 times as fast as com¬ 
mercial nickel catalysts. It thus has the 
potential to replace precious metals in 
automobile catalytic converters. 

All the catalysts Moscovitz has pre¬ 
pared can dissipate heat (they are in 
close contact with the aluminum back¬ 
ing, which acts as a heat sink). Hence he 
predicts that they may be useful for 
many heat-producing industrial reac¬ 
tions such as the oxidation of ethylene 
and the production of synthetic inter¬ 
mediates called anhydrides. Such pro¬ 
cesses now require costly heat exchang¬ 
ers as well as catalysts. 

H omogeneous systems. If small 
metal clusters give greater cata¬ 
lytic selectivity than metal crystals, 
then the ultimate selectivity might be 
attainable with molecules containing 
only one or two metal atoms. Such mol¬ 
ecules are typically found in homoge¬ 
neous catalyst systems, in which both 
the reactants and the catalyst are dis¬ 
solved in solution. Most of the homoge¬ 
neous catalysts being developed today 
are based on transition metals such as 
cobalt, iron, manganese, and nickel. 

In many instances, homogeneous sys¬ 
tems have delivered on their expected 
high selectivity; their use in industry 
has thus grown rapidly in the last ten 
years. Shell Oil (Houston) uses a propri¬ 
etary nickel complex to convert ethyl¬ 
ene to a class of chemicals called alpha 
olefins. Monsanto (St. Louis) uses rhodi¬ 
um trichloride (RhCl 3 ) and negatively 
charged iodide ion to produce the key 
industrial intermediate acetic acid 
from methanol and carbon monoxide. 
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And Union Carbide uses a proprietary 
rhodium complex in its "oxo” process 
for converting olefins into aldehydes. 
For example, the olefin propylene is 
transformed into n-butyraldehyde, a 
major source of four-carbon building 
blocks in the chemical industry. The 
newest industrial homogeneous pro¬ 
cess, at Eastman Chemical Products’ 
plant in Kingsport, Tenn., converts syn¬ 
thesis gas into acetic anhydride, an 
important industrial intermediate. 

Meanwhile, several other homoge¬ 
neous processes for industry are 
under development. For example, 
Albert S. C. Chan and his colleagues at 
Monsanto have developed a process 
that uses anionic (negatively charged) 


rhodium catalysts to convert syngas 
into ethylene glycol—used in antifreeze 
and as a building block for other chemi¬ 
cals. Monsanto also has a homogeneous 
process for converting linear olefins 
into branched dienes (olefins with two 
double bonds). Dienes of this type can be 
polymerized to form synthetic rubber. 

Two researchers at Argonne Nation¬ 
al Laboratory (Argonne, Ill.) have de¬ 
veloped a new homogeneous method for 
producing ethanol from methanol. The 
conventional catalyst is a cobalt com¬ 
plex that leaves water as a byproduct. 
This water must be separated from the 
ethanol by distillation, an energy-inten¬ 
sive process. But scientists Jerome W. 
Rathke and Michael J. Chen use a ho- 
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In this homogeneous process, hydrogen is added to (1) to form a negatively charged in¬ 
termediate ( 2 ), which reacts with methanol and a “promoter” known as a trialkyla- 
mine to yield another intermediate (3) containing a methyl group (CH 3 ) bonded to the 
iron. Carbon monoxide (CO) inserts itself between the iron and the methyl group of (3) 
to form a compound (4) with an acetyl group (C=OCH 3 ) attached to the iron. Addition 
of carbon monoxide to (4) causes expulsion of a hydrogen atom and the acetyl group, 
forming acetaldehyde (CH 3 CHO) and regenerating (1). Meanwhile, the acetaldehyde, 
with the addition of H 2 in the presence of a noble metal catalyst, forms ethanol. 


mogeneous iron-based catalyst, com¬ 
bined with promoters called trialkyla- 
mines, to produce ethanol and carbon 
dioxide. The latter is easily removed 
from the liquid ethanol without addi¬ 
tional energy. Rathke and Chen have 
also devised a homogeneous method of 
making methanol from syngas. 

Despite their obvious advantages, ho¬ 
mogeneous processes have drawbacks. 
The reactions must often be run at high 
pressures to keep the catalysts in solu¬ 
tion. It is often difficult, moreover, to 
separate the catalyst from the product. 
The problem of isolating the catalyst 
may eventually be solved by techniques 
that would attach the metal complex to 
a solid support so that the complex 


could not go into solution; no such 
methods are yet in commercial use. 
Whatever the disadvantages of homo¬ 
geneous catalysis, they appear to be 
outweighed by the increased selectivity 
of the reactions. 

C hiral synthesis. The enhanced se¬ 
lectivity shown by the cluster and 
homogeneous systems can be taken a 
step further with chiral catalysts. The 
word chiral (pronounced KY-ral) means 
"handed”—referring to the fact that 
such molecules come in two different 
forms, or isomers, whose asymmetric 
structures mirror each other like right 
and left hands. In the course of reac¬ 
tions, these catalysts favor one or the 


other isomer of a pair of product mole¬ 
cules that are likewise chiral. 

The mirror-image isomers are not 
superimposable. If structural models of 
each isomer are placed on top of each 
other in an attempt to get correspond¬ 
ing atoms to coincide, there will always 
be two or more atoms that don’t match. 

A chiral isomer is called either D or 
L, depending on its structure. The D 
and L forms have identical physical 
properties, but are distinguished by 
their behavior toward a beam of polar¬ 
ized light. One isomer (it could be either 
D or L), designated (+), rotates the 
beam to the right; its counterpart, des¬ 
ignated (—), rotates the light the same 
amount, but to the left. 

Many important medicinal chemi¬ 
cals—vitamins, hormones, and antibi¬ 
otics, for instance—occur in nature as 
either D or L isomers. Industrial syn¬ 
thesis of these compounds in the past 
has often been difficult because the re¬ 
actions produce an equal mixture of the 
D and L forms. It has then been neces¬ 
sary to separate the desired isomer 
from the mixture by an expensive and 
time-consuming process. Chiral cat¬ 
alysts, however, offer the chance to 
obtain the pure D or L form (or its pre¬ 
cursor) directly. 

Interest in chiral compounds has 
grown, says Barry M. Trost of the Univ. 
of Wisconsin (Madison), because "the 
demand for ready access to complex 
organic molecules has increased mark¬ 
edly.” Chiral syntheses have enabled 
scientists to vary the structures of com¬ 
plex natural products systematically. 
With the beta-lactam antibiotics (relat¬ 
ed to penicillin), this approach has 
led to improved therapeutic function 
(HIGH TECHNOLOGY, Dec. 1983, p. 61). 

Chiral catalysts essentially mimic 
the activity of natural enzymes, which 
also catalyze reactions selectively in 
favor of D or L isomers. But for at least 
two types of chiral synthesis—hydroge¬ 
nation and epoxidation (addition of oxy¬ 
gen to an olefin)—"we can do better 
than enzymes,” says K. Barry Sharp¬ 
less of MIT. 

The first examples of chiral hydroge¬ 
nations were reported independently in 
1968 by William S. Knowles and his 
associates at the Monsanto Co. and by 
L. Horner at the Univ. of Mainz in West 
Germany. They found that chiral cata¬ 
lysts containing a rhodium atom linked 
to phosphorus-containing compounds 
known as phosphines could reduce sym¬ 
metric compounds called alpha-amino 
acrylic acids to asymmetric amino ac¬ 
ids, the building blocks of proteins. The 
researchers discovered that the phos¬ 
phine groups control the directions 
from which reactant molecules can ap¬ 
proach the rhodium atoms, thereby in¬ 
fluencing the three-dimensional struc- 
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What happens on a catalyst surface? 

The nature of catalyst surfaces was once mainly the stuff of obscure scientific 
inquiry. But the question has assumed vital commercial importance. The main 
reason: If researchers know what happens on catalyst surfaces during reac¬ 
tions, they may be able to modify these surfaces to improve selectivity. 

Catalytic surface phenomena have been studied in some model catalyst/re- 
actant systems. One of the most illuminating is the hydrogenolysis of olefins 
over single crystals of platinum. (Hydrogenolysis is the splitting of a hydrocar¬ 
bon in the presence of hydrogen; olefins are hydrocarbons with a double 
bond.) Using a battery of instrumental techniques, physical chemist Gabor A. 
Somorjai of Lawrence Berkeley Laboratory (Berkeley, Cal.) has traced the se¬ 
quence of events in a typical hydrogenolysis. 

As the reaction gets underway, Somorjai reports, a layer of olefins is ad¬ 
sorbed on the surface of the platinum while the end carbons of the olefins 
form triple bonds with the metal atoms, creating intermediates called alkyli- 
dynes. Simultaneously, the olefins' double bonds start to weaken. 

At a reaction temperature of 100° C (212° F) or more, some of the alkyli- 
dyne intermediates eject hydrogen atoms to form a carbonaceous layer 
(mostly carbon but with some hydrogen) on the catalyst surface. This layer, 
which seems to be essential for catalytic activity, does not cover the entire 
platinum surface; islands of bare metal are left exposed. 

Only some of the alkylidyne molecules form the carbonaceous layer. Most 
react with hydrogen on the bare metal islands to form a variety of other inter¬ 
mediates. These intermediates are tightly bound to the platinum but are mo¬ 
bile enough to diffuse gradually into the carbonaceous layer around the metal. 
In this layer the intermediates are less tightly held and can desorb (be re¬ 
leased) readily. The carbonaceous layer also aids the reaction by storing 
large volumes of the reacting hydrogen. The products desorbed from the cat¬ 
alyst surface are alkanes—fully hydrogenated hydrocarbons. 

The number and size of the bare metal islands can be controlled by ma¬ 
nipulating both the pressure of hydrogen and the concentration of additives 
such as sodium and potassium. Certain agents such as gold and tin, which 
can form alloys with the platinum, also increase the activity of the platinum 
catalyst and change its specificity (orientation toward particular reaction prod¬ 
ucts). They do this not only by altering the concentration of bare metal islands 
but also by slowing the degradation of the carbonaceous layer into a layer of 
catalyst-poisoning graphite. 
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The olefin (propylene) forms an intermediate called an alkylidyne, which is 
bonded to platinum atoms on the catalyst surface and reacts with hydrogen to 
form ethane and methane. Surrounding the bare metal atoms in the center are 
other atoms covered with a carbonaceous layer. This layer stores hydrogen that 
participates in the reaction and facilitates release of final products. 


tures of the final products. 

The best current example of commer¬ 
cial chiral synthesis is Monsanto’s hy¬ 
drogenation of a particular alpha-ami¬ 
no acrylic acid to produce Udopa, a 
drug used in the treatment of Parkin¬ 
son’s disease. More than 98% of the 
product is L-dopa. This accomplish¬ 
ment, says Bruce C. Gates of the Univ. 
of Delaware’s Center for Catalytic Sci¬ 
ence and Technology, probably repre¬ 
sents industry’s "most sophisticated 
design of a technological catalyst.” Sim¬ 
ilar processes are being contemplated 
for production of other L-amino acids. 

As for chiral epoxidations, the first 
example was reported in 1980 by MIT’s 
Sharpless and Tsutomu Katsuki, both 
of whom were then at Stanford Univer¬ 
sity. The reaction they worked on in¬ 
volves the addition of an oxygen atom 
to an olefin to form a three-membered 
ring of two carbons and an oxygen. This 
ring (an epoxide) can subsequently be 
opened stereospecifically (in favor of 
one mirror-image isomer or the other) 
to produce complex alcohols and relat¬ 
ed compounds, including some key 
pharmaceutical ingredients. 

Sharpless and Katsuki obtained a 
chiral epoxide yield of more than 95% 
with a relatively simple system con¬ 
taining titanium tetraisopropoxide as 
the catalyst and fert-butyl hydroperox¬ 
ide as the source of oxygen. 

Chiral epoxidation has come in 
handy for the synthesis of (+)-dispar- 
lure, the gypsy moth sex attractant 
used to control the pest. The use of (+)- 
disparlure agitates male moths and dis¬ 
rupts mating, thereby reducing the 
moth population; (— )-disparlure not 
only has no effect on mating but inter¬ 
feres with the activity of its mirror- 
image counterpart. 

In 1980, (-F)-disparlure, obtained by 
separating it from an equal mixture of 
the two isomers, cost about $2000 per 
gram. The same substance, now made 
by the chiral epoxidation process, is 
available for about $250 per gram; it is 
used in consumers’ gypsy moth traps as 
well as in government pest-control pro¬ 
grams. Chiral epoxidation is currently 
being introduced into other commercial 
syntheses, whose identity is in most 
cases still confidential. 

P hotocatalysts. Many of the new 
industrial catalysts require the in¬ 
put of energy such as heat or high 
pressure. One group of catalysts, now 
under development in laboratories 
around the world, requires another 
form of energy: light. These so-called 
photocatalysts are not usually thought 
of in the same context as other industri¬ 
al catalysts. But they may eventually 
help produce electricity to power indus¬ 
trial processes; they may also generate 
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Hydrogen is added to this doubly bonded molecule (top). The products can consist of 
two isomers—D and L—mirror images of each other. But unlike many mirror images, 
the isomers are not superimposable. Such molecules are referred to as chiral. While or¬ 
dinary catalysts would yield equal mixtures of D and L, chiral catalysts give only one 
isomer—in this case the L form. 


hydrogen that can be burned for fuel or 
used to convert coal into gaseous or 
liquid fuels or into chemicals. 

The earliest photocatalysts were the 
photovoltaics such as the common solar 
cell. But most photovoltaics are made of 
expensive materials like single crystals 
of silicon, gallium arsenide, or other 
semiconductors. In attempts to harness 
photocatalysts for industrial use, many 
investigators are trying to obviate the 
need for single crystals. They are doing 
this by constructing photoelectroche¬ 
mical cells, in which photocatalyst elec¬ 
trodes are placed in an electrolyte (a 
liquid containing dissolved salts). 

At least one of the electrodes in such 
a cell contains a relatively low-cost 
polycrystalline semiconductor. Two 
types of semiconductors are used, ei¬ 
ther alone or in combination: a p-type, 
which has a deficit of electrons, and an 
n-type, which has an excess of electrons. 

In a photoelectrochemical cell, sun¬ 
light pries electrons loose from the n- 
type electrode (the anode) and sends 
them, via an external circuit, to the 
cathode on the other side of the cell. 
(The cathode can be either a p-type 
semiconductor or an ordinary conduc¬ 
tive metal.) But the electrons lost from 
the anode are replaced by oxidizing 
(removing electrons from) substances 
in the electrolyte. The oxidized sub¬ 
stances migrate in solution to the cath¬ 
ode, where they are reduced (given a 
supply of electrons), and return to their 
original state. In the overall process, 
there is no net chemical change as cur¬ 
rent flows in the cell. 

In an alternative type of photoelec¬ 
trochemical cell, the solvent or solute 
can be oxidized and reduced simulta¬ 
neously to generate a fuel. In water 
solvents containing acid, for example, 
positively charged hydrogen ions from 
the acid can be reduced at the photo¬ 
cathode to produce hydrogen, while 
water can be oxidized at the photo¬ 
anode to produce oxygen. The choice 
between generating electricity and pro¬ 
ducing fuels such as hydrogen depends 
on whether energy is needed immedi¬ 
ately or is to be stored for future use. 

While the photoanodes studied so far 
have delivered impressive results, they 
have one troublesome drawback: they 
are very susceptible to photocorrosion. 
An exposed silicon photoanode, for ex¬ 
ample, destroys itself within minutes. 

A number of investigators have par¬ 
tially overcome this problem by using 
very high concentrations of electrolyte. 
For instance, Mark Wrighton of MIT 
and Adam Heller of Bell Laboratories 
(Murray Hill, N.J.) report that high 
concentrations of sulfide ion in solution 
stabilize cadmium sulfide and cadmium 
selenide photoanodes so that they can 
operate for months without appreciable 


degradation. And West German re¬ 
searchers Heinz Gerischer of the Fritz 
Haber Institute and Helmut Tributsch 
of the Hahn-Meitner Institute have 
discovered that semiconductors made 
from the disulfides and diselenides of 
molybdenum and tungsten are inher¬ 
ently resistant to destructive oxidation. 

Of the photoanodes studied so far, 
these molybdenum and tungsten com¬ 
pounds, known as metal dichalcogen- 
ides, "seem to be closest to ideal,” 
asserts MIT’s Wrighton. In fact, he pre¬ 
dicts that such photoanodes may one 
day play a vital role in pollution con¬ 
trol. Wrighton has already tested the 
materials in the sunlight-driven ox¬ 
idation of sulfur dioxide—a polluting 
industrial byproduct—and water to sul¬ 
furic acid and hydrogen. This reaction 
uses 14% of the energy available in 
light and might be useful for generating 
valuable hydrogen from the sulfur diox¬ 
ide emitted by burning fossil fuels. 

The materials used in these photo¬ 
electrochemical cells are still quite ex¬ 
pensive; therefore investigators have 
been searching for alternatives. One 
promising approach has been devel¬ 
oped by Gabor A. Somorjai of Lawrence 
Berkeley Laboratory (Berkeley, Cal.). 
He fabricates electrodes by compress¬ 
ing inexpensive iron oxide powder into 
small disks, which he then dopes with 


either silicon dioxide (to make anodes) 
or magnesium dioxide (to make cath¬ 
odes). He then cements the disks togeth¬ 
er to form a diode. 

Suspended in sodium hydroxide or 
sodium sulfate solutions and illuminat¬ 
ed, the diodes evolve hydrogen and oxy¬ 
gen. So far, the best efficiency Somorjai 
has achieved with this system is about 
0.1%. A theoretical efficiency of 14% is 
possible, says Somorjai, and he is "pret¬ 
ty confident that we can reach 1 to 5% 
in the near future.” 

Beyond photocatalysts, there are oth¬ 
er catalytic areas under intensive in¬ 
vestigation. For example, biochemists 
are developing semisynthetic enzymes 
that might be able to carry out reac¬ 
tions not possible with conventional 
enzymes (HIGH TECHNOLOGY, April 
1984, p. 51). Molecular biologists are 
even contemplating the design of en¬ 
tirely synthetic enzymes. Industry offi¬ 
cials predict, in fact, that such enzymes, 
along with other designed catalysts, 
will make a profound change in the way 
chemicals and biologicals are manufac¬ 
tured. Says William Amon, Jr., vice- 
president for business development at 
Cetus (Berkeley), "We are on the verge 
of a new industrial revolution.” □ 


Thomas H. Maugh II is on the re¬ 
search-news staff of Science magazine. 
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Refinery applications lead catalyst sales 


Catalysts are playing an increasingly 
critical role within the petroleum in¬ 
dustry as oil companies try to boost 
output by squeezing gasoline from 
even the lowest grades of crude oil. 

Refiners consumed more than 2.5 
million tons of catalysts last year, and 
Strategic Analysis (Reading, Pa.) re¬ 
ports that consumption will grow 3% 
annually over the next four years. The 
dollar value of sales, however, will in¬ 
crease at 5%, as users turn to stron¬ 
ger, more expensive compounds. Sales 
were worth $530 million in 1983 and 
are projected to top $662 million by ’88. 

Petroleum production accounted for 
36% of last year’s $1.4 billion catalyst 
market, chemical applications 32%, 
and emission control applications the 
remainder. In the chemical industry, 
catalysts produce a range of products, 
including plastics, perfumes, and mar¬ 
garine. Emission control compounds 
are used for both automotive and 
smokestack exhausts. By ’88, Strategic 
Analysis expects total sales of catalysts 
to grow to $1.7 billion, with petro¬ 
leum applications accounting for 39%, 
chemical applications 34%, and emis¬ 
sion control applications 27%. 

Most of the more than 30 catalyst 
suppliers provide products for only one 
of the three major market segments. 
They further focus their efforts by ad¬ 
dressing only one or two applications 
within a given segment. "Each applica¬ 
tion requires its own set of catalyt¬ 
ic compounds,” explains Bruce Deck- 
man, a vice-president of Strategic 
Analysis. "Unless a supplier has the 
backing of a large diversified parent 
company, it’s difficult for him to be all 
things to all industries.” 

But there are exceptions, particular¬ 
ly among companies whose broad prod¬ 
uct lines are the result of mergers and 
acquisitions. Gulf Oil and Union Car¬ 
bide, for example, joined forces in 1982 
and merged Harshaw, a Gulf subsid¬ 
iary specializing in petroleum, and Fil- 
trol, a Union Carbide subsidiary spe¬ 
cializing in chemicals. The result, 
Harshaw-Filtrol (Los Angeles and 
Cleveland), is now one of the leading 
catalyst suppliers. 

The petroleum industry requires 
catalysts for five separate process- 



“In converting residual 
feedstocks to high-grade 
fuel, catalysts are helping 
refiners scrape revenues 
from the bottom of their 
barrels.” 

Gerald Earl 
Director, Marketing 
Filtrol div. 
Harshaw-Filtrol 


“The petroleum industry is 
generating the big revenues 
in the catalyst business. 

Most new-product develop¬ 
ment efforts will be chan¬ 
neled in that direction.” 

Paul J. Norris 

VP, Sales and Marketing 

Petroleum Refining Catalysts 

and Processes 

Engelhard 


es: catalytic cracking (which produces 
gasoline), alkylation (which produces 
high-octane blending components), hy¬ 
drotreating (which removes sulfur, ni¬ 
trogen, and metals from oil prior 
to catalytic cracking), hydrocracking 
(which produces heating oils), and cat¬ 
alytic reforming (which improves oc¬ 
tane levels in no-lead and low-lead 
gasoline). The market for substances 


used in catalytic cracking was worth 
$250 million last year; alkylation, $150 
million; hydrotreating, $70 million; 
hydrocracking, $40 million; and cata¬ 
lytic reforming, $20 million. 

Catalytic cracking and hydrotreat¬ 
ing are the fastest growing niches 
within the petroleum segment. Sales of 
catalytic cracking compounds are in¬ 
creasing 5% annually, according to 
Strategic Analysis, and are expected to 
be worth $315 million in ’88. Sales of 
hydrotreating compounds are increas¬ 
ing 8% annually and should be worth 
$105 million by ’88. 

Prices of both types of catalysts 
range from $600 a ton to more than 
$2000, according to Gerald Earl, direc¬ 
tor of marketing for the Filtrol Divi¬ 
sion of Harshaw-Filtrol. The higher- 
priced compounds, he says, have 
longer lifetimes and can remove impu¬ 
rities more selectively. 

"Refiners are coming to appreciate 
the additional earnings they can 
accrue by processing residual feed¬ 
stocks,” notes Earl. "We have custom¬ 
ers who are buying the more expensive 
catalysts at the rate of 40 tons annual¬ 
ly. During the seventies, those same 
customers bought less than five tons a 
year of the cheaper compounds.” Earl 
claims that one company has used hy¬ 
drotreating and catalytic cracking pro¬ 
cesses to increase the value of its an¬ 
nual gasoline yield by $40 million. 
"Economics is definitely the driving 
force in this industry,” he says. 

Davison (Newark, N.J.), Engelhard 
(Baltimore), and Harshaw-Filtrol con¬ 
trol virtually the entire U.S. catalytic 
cracking market. Among the leading 
hydrotreating catalyst suppliers are 
American Cyanamid (Wayne, N.J.), 
Katalco (Chicago), and Shell Chemical 
(Houston). 

While both groups have retained 
control of their respective markets for 
the past five years, they are facing new 
competition. Among the recent entries 
in the business are European catalyst 
suppliers such as Armak and Katalis- 
tics (both of the Netherlands), as well 
as oil companies such as Mobil, Exxon, 
and Phillips. "There’s a lot of new 
action in this industry,” says Earl. 
"You can tell business is good.”— F.J.C. 
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Compare the first NMR image of the human body (top), made in 
1977—a “slice” through the upper abdomen—with a modem view of 
the same anatomic area. Although image quality has improved great¬ 
ly, researchers still debate NMR ’s ability to diagnose disease. 


NMR- 


PROMISES TOKEEP 


by Franklin H. Portugal 
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A t the National Institutes of 
Health (NIH) in Bethesda, Md„ 
a 6-ton superconducting mag¬ 
net—the heart of a nuclear magnetic 
resonance (NMR) medical imager—has 
recently been joined to its power sup¬ 
plies, computers, radio-signal genera¬ 
tors and receivers, and display screens. 
After more than a year of lying about 
the premises literally in pieces, the 
imager is finally being used on patients. 

At about the same time the NIH de¬ 
vice came to life, the Food and Drug 
Administration, after more than two 
years of study, approved the routine 
clinical use of NMR imagers produced 
by two companies: Technicare (Cleve¬ 
land)—a subsidiary of Johnson & John¬ 
son—and Diasonics (Milpitas, Calif.). A 
half-dozen or more other NMR produc¬ 
ers, meanwhile, are still gathering ex¬ 
perimental data on their imagers to 
submit to FDA or are now awaiting the 
agency’s approval. 

These developments symbolize both 
the promise of NMR (also called magnet¬ 
ic resonance imaging, or MRI)—a safe, 
noninvasive means of obtaining new 
biochemical information about the hu¬ 
man body—and the huge amount of 
data that must still be gathered if the 
promise is to become reality in more 
than a handful of facilities. Despite 
years of study, NMR imaging remains 
largely in a twilight zone between ex¬ 
perimental tool and medical dream 
machine. 

A few of the questions that must be 
answered before NMR escapes from its 
regulatory limbo: What type of magnet 
will deliver the best results at the low¬ 
est cost? What are the optimal instru¬ 
ment settings (magnetic field strength, 
for example) for NMR imaging? For 
which types of disease will NMR be most 
helpful? Which elements in the body 
best lend themselves to NMR imaging, 
and what information do they carry? 
And how much can the substantial cost 
and physical size of today’s NMR 
imagers be reduced? 

P ictures of elements. For the 
purposes of NMR imaging, the hu¬ 
man body is an aqueous mixture 
of elements. Iron is held within red 
blood cells, bones are loaded with calci¬ 
um, and the thyroid gland contains 
large amounts of iodine. Cellular reac¬ 
tions are fueled by a variety of phospho¬ 
rus compounds, and sulfur plays a vital 


role in protein construction. Carbon, 
oxygen, hydrogen, and nitrogen make 
up the body’s myriad organic struc¬ 
tures, and trace amounts of about 25 
other elements help maintain life pro¬ 
cesses. By manipulating these materi¬ 
als’ nuclei with magnetic fields and 
radio waves, NMR imaging promises to 
identify which elements are present, as 
well as their chemical forms, relative 
concentrations, and locations (see "The 
ABCs of NMR”). 

Simply spotting certain chemicals in 
the body would provide physicians with 
important new information about their 
distribution and transfer. But many of 
these materials also carry important 
information about the body’s health. 
Iron deficiency, for example, leads to 
the range of symptoms that constitute 
anemia; the condition is now diagnosed 
by withdrawing a small amount of 
blood and assaying its iron content. 
"NMR will one day let us perform such 
blood chemistries faster and without 
taking a sample,” says Walter L. Robb, 
vice-president of General Electric and 
general manager of the company’s med¬ 
ical systems operation. Patients will 
simply place one of their hands inside 
the harmless bore of the magnet. 

For now, however, many important 
elements remain well outside NMR’s 
reach. And until they are brought with¬ 
in the instruments’ capabilities—and 
until researchers can interpret the in¬ 
formation carried by these elements— 
the technology will be mainly of aca¬ 
demic interest. 

Iron, for example, is still beyond the 
sensitivity of today’s instrumentation. 
One reason is that only about 2% of the 
iron in the body is present as the isotope 
iron-57, the odd-numbered form detect¬ 
able by NMR methods. Another reason 
is that the isotope’s gyromagnetic ratio 
(the ratio of an element’s nuclear 
charge to its spin, a value unique to 
each element) is very low. 

NMR imaging is now based on the 
detection of the hydrogen nuclei in wa¬ 
ter. The process is relatively simple 
because of the body’s high water con¬ 
centration. Moreover, many diseases, 
including some forms of cancer, appear 
to alter water distribution within the 
affected tissues, a change that shows up 
in computer-reconstructed images. 

Many of these images are stunning 
in their resolution and contrast. 
But what they reveal about heart dis¬ 


ease, cancer, and other disorders is still 
subject to debate. "Proton density alone 
doesn’t necessarily give you a lot of 
information,” says Richard Knop, an 
NMR researcher in NIH’s department of 
radiology. 

Another question relates to the 
source of the NMR signal. Some re¬ 
searchers are convinced that it arises 
from free-moving water in the tissues; 
others argue that it is generated by 
relatively stationary molecules. Far 
from being of mere academic interest, 
such knowledge will provide insight 
into the biology of cancer and other 
diseases, and will thus help physicians 
determine instrument settings for opti¬ 
mal image contrast. 

Yet another issue is optimal field 
strengths. Researchers must determine 
the range of instrument settings for a 
particular disorder, just as a radiologist 
knows that the x-ray intensity needed 
to image a broken bone differs from 
that needed to view the digestive tract. 
"We’re still determining the most ap¬ 
propriate NMR parameters for a given 
type of patient so we don’t miss any¬ 
thing,” explains Knop. Until those pa¬ 
rameters are known and standardized, 
patients may be subjected to unneces¬ 
sarily expensive, time-consuming, and 
perhaps hazardous studies. 

Not surprisingly, physicians have 
varying expectations from NMR. "We 
try to match clinical problems with real 
expectations of what the instrument 
can do,” says Knop. "Some physicians 
come to us with expectations totally out 
of whack; others have great problems 
and don’t realize that NMR studies 
could be helpful.” 

B eyond proton imaging. While 
hydrogen nuclei are the basis 
of today’s commercial NMR 
imagers, the detection and imaging of 
elements such as sodium and phospho¬ 
rus form the technology’s cutting edge. 
"The real potential of NMR goes far 
beyond proton imaging,” says GE’s 
Robb. "But this is not something that is 
going to happen overnight.” 

One reason for the interest in sodium 
and phosphorus is that the two ele¬ 
ments are sure to provide important 
details about the body’s biochemistry, 
details unavailable with other ima g in g 
methods. "Anatomic changes are al¬ 
most invariably preceded by chemical 
changes,” explains another GE source. 


Is it the new medical dream machine? 
The questions still outnumber 
the answers 
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Nuclear magnetic resonance (NMR) imaging is based on the magnetic prop¬ 
erties of nuclei containing an odd number of protons. Virtually every such nu¬ 
cleus has a natural spin, making it in effect a tiny magnet. 

It is well-known that the end of a magnet is either attracted to or repelled by 
another magnet. When the nuclei are placed in a magnetic field, therefore, 
their natural spin directions are altered. Many of the nuclei line up with the 
field and in so doing assume a new energy state. The nuclei also rotate (pre- 
cess) around their axes at characteristic frequencies, much like wobbling 
spinning tops. 

The rotational angle can be altered by introducing another magnetic field at 
a radio frequency to match that of the nuclear precession. This phenomenon 
is known as resonance; it is similar to causing a tuning fork to vibrate by sing¬ 
ing a note at the same pitch. When the radio signal is switched off, the mag¬ 
netized nuclei induce a signal in adjacent receiver coils. As the nuclei return 
to their initial precession state, this signal decays at a rate characteristic of the 
particular nucleus. The spin-lattice relaxation time (Ti) is the time needed to 
convert spin energy into thermal energy and to transfer it to the molecular lat¬ 
tice of other atoms. The spin-spin relaxation time (T 2 ) is the time needed to 
transfer spin from nuclei in a high energy state to neighboring nuclei. 

The signals' exact frequency, phase, and strength are then assessed 
through a mathematical process known as a Fourier transform. The signals 
are assigned specific shading intensities—black representing a very strong 
signal, for example, and white representing no signal—enabling a computer 
to translate the results into a density "map” of atoms such as hydrogen, the 
body’s most abundant element and thus the easiest to image with today’s 
instruments. 

When hydrogen nuclei (protons) in the body are imaged with NMR, dense 
substances like bone, which normally block x-rays, become transparent. The 
reason is that bone contains little water, the major source of these protons. 
Soft tissues like the gray and white matter of the brain, however, are imaged 
in great detail because they contain much water (albeit different amounts in 
different types of brain tissue). NMR can thus image portions of the brain pre¬ 
viously hidden from CT scanners by the skull. 

Over the past 20 years, NMR sensitivity has increased almost 400 times, 
thanks to advances in magnetic field generation, in spectroscopy (the study of 
chemical compounds through their electromagnetic energy absorption charac¬ 
teristics), and in instrumentation. Although NMR is not yet capable of imaging 
certain scarce elements (iron-57, for example), its great potential has kept the 
R&D fires burning, and improvements continue to bring other elements closer 
to NMR visualization. 


Protons (hydrogen nuclei) normally spin randomly about their axes, but are 
aligned by a strong magnetic field (1). A second, alternating field at right angles 
to the first makes the protons wobble about their axes, or precess (2). When the 
second field is shut off, the protons attempt to return to their previous state, gen¬ 
erating radio signals that are detected in nearby receiver coils (3). These signals 
have a decay rate, or “relaxation time,” unique to each particular type of nucle¬ 
us. Images are formed by graduating the strength of the first field (4) and by 
mathematically analyzing the signals to determine their location in the body. 
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"The trick is to detect those changes 
early enough that diagnosis and treat¬ 
ment can proceed.” 

Both the abundance and the magnet¬ 
ic properties of sodium and phosphorus 
bring them within the sensitivity range 
of new instrumentation. Researchers at 
the Neurological Institute of New York 
(New York City), working with imagers 
developed at Holland’s Philips Medical 
Systems, have already imaged both ele¬ 
ments in animals and in humans, al¬ 
though the results are still being 
interpreted. 

Sodium imaging may aid in the treat¬ 
ment of strokes. Sodium concentrations 
increase dramatically at stroke sites, a 
phenomenon thought to stem from flu¬ 
id accumulation around the damaged 
tissues. Although relatively small 
amounts of fluid are involved, sodium 
concentration may increase by as much 
as 600%—a result of fluid accumula¬ 
tion outside the brain cells and the 
breakdown of a pumping mechanism 
for transporting the sodium into cells. 
As the sodium level rises, so does the 
intensity of the NMR image. Such 
changes may provide not only a new 
diagnostic tool but also a means of de¬ 
termining how stroke sites are respond¬ 
ing to treatment. 

Sodium accumulation at various lo¬ 
cations in the heart may yield similar 
information about a patient’s condition 
after a heart attack. And since sodium 
is released from the body through the 
kidneys, sodium-based images might be 
used to monitor kidney function. 

As with proton imaging, however, 
the relative importance of sodium im¬ 
aging remains uncertain. "I’m not all 
that excited about imaging sodium un¬ 
less I know that it will answer a clinical 
question that I couldn’t have answered 
otherwise,” says Knop. 

Phosphorus is of special interest to 
NMR researchers because it is so impor¬ 
tant in biochemical reactions. Adeno¬ 
sine triphosphate (ATP), for example, is 
a rich energy source for the body’s cells. 
And metabolism, the breaking down of 
nutrients for cell construction or main¬ 
tenance, is fueled by the breakage of 
phosphorus’s chemical attachments. 
NMR may one day be able to detect 
abnormal distributions of phosphorus 
to aid in diagnosing any of a number of 
biological malfunctions. 

Investigators at the Neurological In¬ 
stitute of New York have obtained im¬ 
ages of how phosphorus is distributed in 
the leg muscles of human volunteers, in 
essence providing a means of visualiz¬ 
ing biochemical reactions. Together 
with nonimaging NMR methods (called 
NMR spectroscopy) that have already 
detected abnormal phosphorus condi¬ 
tions in diseased muscle, phosphorus 
imaging promises to provide new in- 
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A patient is prepared for an NMR scan. Powerful superconducting magnets such as 
this one require extensive and costly shielding to prevent interference with electronic 
equipment and metallic objects up to 60 feet away. 


The brain’s soft tissues are 
clearly visible in this head im¬ 
age, made at a magnetic field 
strength of 1.5 tesla. With NMR 
proton imaging, unlike certain 
other techniques, the low water 
content of bony structures such 
as the skull renders them 
transparent. 


ed to blood vessels close to the body’s 



sights into how human tissue functions. 

Phosphorus imaging may also be use¬ 
ful in cancer studies. Physicians now 
have no way of quickly determining the 
growth rates of certain brain tumors, 
for example, but it is reasonable to 
expect that fast-growing tumors would 
have large ATP reserves. Besides aiding 
diagnosis, such imaging could be made 
during therapy so that physicians could 
tell whether the treatment was slowing 
the growth of the tumor, simply by 
comparing phosphorus concentrations 
over a period of time. Likewise, phos¬ 
phorus imaging may aid cardiologists 
in spotting weakened heart muscle tis¬ 
sue, urologists in predicting the success 
of kidney transplants, and pediatri¬ 
cians in determining if high-risk new¬ 
borns are suffering irreversible brain 
damage due to oxygen deficiencies. 

F luorine studies. Yet another ele¬ 
ment of special interest is fluo¬ 
rine. But while sodium and phos¬ 
phorus imaging are moving from the 
laboratory into the hospital, fluorine 
imaging remains in the research stage. 

One reason is that for many years 
there was little interest in such imag¬ 
ing, because fluorine occurs in the hu¬ 
man body only in relatively small 
amounts. But now this scarcity is being 
turned to good advantage: It means 
that under certain conditions, fluorine 
introduced into the body will produce 
strong signals unobscured by back¬ 
ground "noise.” 

Many important surgical anesthetics 
contain fluorine. But how these agents 
affect the human nervous system and 
induce deep sleep remains a puzzle. 
Little is known of where in the brain 
the anesthetic goes or even how long it 
stays there. 

This ignorance is unlikely to last 
much longer. Even without imaging 
methods, NMR has already produced 
some surprising findings. Using lab 
animals and NMR spectroscopy, Alice 
Wyrwicz, assistant professor of chemis¬ 
try at the University of Illinois (Chica¬ 
go), has found that fluorine anesthetics 
remain in the brain five times longer 
than previously thought. Such studies 
cast light on how anesthetics are ab¬ 
sorbed and distributed, how they work, 
and how long they take to produce 
anesthesia. 

Now Wyrwicz’s group is moving on to 
imaging methods to help answer these 
questions. Wyrwicz thinks the neces¬ 
sary technology is already available, 
although experimental parameters are 
still being developed. A potential prob¬ 
lem with such studies, for example, is 
that because fluorine is naturally 
scarce in the body, compounds contain¬ 
ing it above a certain concentration 
may be toxic. At the same time, the 


imaging of such scarce chemicals now 
requires very high magnetic fields or 
long scan times, both of which are cost¬ 
ly and perhaps hazardous. 

Fluorine imaging could be helpful in 
other areas. Certain fluorine-contain¬ 
ing chemicals, such as 5-fluorouracil, 
appear to be useful in treating and 
destroying tumors. NMR could thus 
help visualize sites where the drug is or 
is not at work. Yet another potential 
application—blood flow studies in deep, 
relatively inaccessible organs, such as 
the liver—might also be realized with 
recently developed blood substitutes. 
These compounds, based on biologically 
inert fluorinated hydrocarbons, are 
easily distinguished from surrounding 
tissues. Therefore they may one day be 
used to determine flow rates within 
smaller vessels deep inside the body. 

Blood flow calculations (as an indica¬ 
tor of the heart’s pumping efficiency, 
for example) are already performed 
with ultrasound, an imaging method 
based on high-frequency sound waves. 
But NMR may offer several advantages 
over ultrasound. First, NMR is not limit¬ 


surface. Nor is NMR’s accuracy affected 
by impeded or obstructed blood flow. 
(Modern ultrasound devices use Dopp¬ 
ler principles to calculate flow rates by 
recording and imaging echoes from a 
moving body, and so may be distorted 
by erratic flow.) Moreover, NMR pro¬ 
vides a detailed anatomical image of 
the vessel in addition to blood flow data. 

Blood velocity can be determined by 
NMR even without fluorine. Research¬ 
ers from the University of California’s 
department of electrical engineering 
and computer sciences (Berkeley), 
working with radiologists at UC San 
Francisco, have used proton imaging to 
calculate blood flow in a specific volume 
of a vein. Using NMR pulse sequences, 
"snapshots” are taken at close intervals 
(usually 50-500 milliseconds apart) of 
the volume of polarized blood—that is, 
blood in which a net magnetic moment, 
or orientation, has been induced—flow¬ 
ing into a region of the vein. From the 
image itself, the average cross-sectional 
area can be obtained and the flow veloc¬ 
ity calculated. Blood flow rates are com- 
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As a diagnostic tool, NMR imaging may be the answer to 
physicians’ prayers. But In the case of imagers based on 
high-powered superconducting magnets, the machine itself 
must be approached with care. Otherwise it may throw the 
hearts of pacemaker wearers into a frenzy, erase recording 
tapes and the magnetic strips on credit cards, and bring 
mechanical watches to a halt. 

These effects are due to the core of the instrument—a 
doughnut-shaped magnet that stands more than six feet tall 
and weighs about six tons. Today’s superconducting mag¬ 
nets generate field strengths of up to 14 tesla, or about 
300,000 times greater than the earth’s magnetic field. (One 
tesla, or T, equals 10,000 gauss.) 

Most researchers agree that NMR image resolution is 
generally proportional to the field strength. Moveover, the 
higher the field, the greater the number of elements that 
can be located and imaged. There is considerably less 
agreement on how strong a field is really needed: Since 
even whole body imaging can be done with the fields gen¬ 
erated by permanent magnets (approximately 0.3 T), some 


researchers question whether the large and costly super¬ 
conductors are needed at all. 

“There’s a trade-off between field strength, cost, and im¬ 
age quality,” says H. H. Tuithof at Philips Medical Systems 
in Holland. “Some companies shoot images of dead bod¬ 
ies for 30 minutes at a low field strength. They get great 
pictures, but that isn’t very practical for a major institution 
that’s concerned about fast patient turnaround time.” Nor 
would most patients be capable of lying motionless in the 
unit’s close confines for such extended periods. 

Three types of magnets are now under investigation for 
NMR imaging: permanent, resistive, and superconducting. 
Each has its share of devotees and detractors. 

The biggest advantage of permanent magnets is that 
they do not require electrical power. Nor is expensive 
shielding necessary, because of the minimal fringe field 
(the area surrounding the magnet within which metallic ob¬ 
jects are affected). This type of magnet, however, gener¬ 
ates very small fields relative to its size. In fact, one of the 
largest permanent NMR magnets available today weighs 


puted from these data, providing a mea¬ 
sure of heart function and helping to 
assess drug effects. 

NMR technology is being perfected 
for imaging other types of internal body 
movement as well. For example, real¬ 
time movie images of a rabbit’s beating 
heart have been made recently in En¬ 
gland by Peter Mansfield and his col¬ 
leagues at the University of Notting¬ 
ham; the scans consist of 6 images 
obtained over a 32-microsecond period. 
Within the next few years, NMR imag¬ 
ing of a beating human heart will also 
be routine. Combined with images 
based on phosphorus, sodium, and oth¬ 
er important metabolites, the result 
will be important new information on 
the heart. "Cardiac imaging is a whole 
new area for NMR,” says H. H. Tuithof, 
a researcher at Philips Medical Sys¬ 
tems (Eindhoven, Netherlands). "We 
expect to derive much new information 
on the heart’s structure, tissue charac¬ 
teristics, and output.” 

Technical improvements will hinge 
largely on a process called gating, in 
which the imager is connected to an 
electrocardiograph or other signal de¬ 
tector. An image is made by recon¬ 
structing the data obtained from a se¬ 
ries of snapshots, each taken at a 
precise point in the heartbeat. The 
method will mean longer effective im¬ 
aging times and the minimization or 
elimination of blurriness. 


In these sodium-23 images of the head, 
the eyes are visible in the top photos. The 
brain’s ventricles, or cavities, appear as 
large white spaces. Such NMR images 
may deliver more information about the 
body than those made from hydrogen 
protons, because of sodium’s unique dis¬ 
tribution in many biochemical processes. 


Carbon, as the isotope carbon-13, is 
yet another element within reach of 
today’s NMR technology. Like fluorine- 
19, it is present in the body only in 
small amounts; hence it can be used to 
label drugs for tracking. 

P roblems still abound. For all 

NMR’s promise, there are still 
many unproven claims about its 
diagnostic value. It is also far from 
being the perfect imaging system. Pace¬ 
maker wearers are excluded because of 
interference by the powerful magnetic 
field. Patients whose bodies contain 
surgical clips are also ruled out, be¬ 


cause the field may produce torque and 
other hazardous movement of the clips. 
(In the future, of course, the problem 
can be avoided with nonmagnetic clips.) 

Another disadvantage of NMR is its 
high cost—not simply the cost of the 
magnet (which can run into hundreds 
of thousands of dollars in the case of 
modern superconducting units, or up to 
30% of the system’s total cost), but 
also that of the liquid helium and liquid 
nitrogen needed to maintain the super¬ 
conducting magnet’s low temperatures. 
Moreover, rooms housing NMR imagers 
require thick, expensive shielding be¬ 
cause the machine’s stray magnetic 
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100 tons but generates only a 0.3-T field. 

Resistive magnets, which generate a field via the flow of 
electrical current, contain either iron or air cores and pro¬ 
duce fields to about 2.4 T. They consume considerable 
quantities of power and require large water-cooled sys¬ 
tems. “It’s like having a great big iron plugged in all the 
time,’ 1 explains one researcher. 

Superconducting units are special types of resistive mag¬ 
nets. The superconduction is due to the use of materials 
that lose their electrical resistance at very low tempera¬ 
tures: Near absolute zero (-273.15°C), current continues 
to circulate through a superconducting system even while 
the power source is off. As a result, the system generates a 
continuous field without drawing additional power. 

Typically, such a magnet consists of a superconducting 
wire core enclosed in two vacuum flasks. The wire is usual¬ 
ly made of niobium (which becomes superconductive at the 
highest possible temperature) combined with tin or titanium. 
Liquid helium in the inner vacuum flask cools the conductor 
to near absolute zero. The outer flask uses liquid nitrogen 


to keep the more expensive liquid helium cold. 

Superconducting magnets are limited by their high manu¬ 
facturing and maintenance costs. Some 36 miles of con¬ 
ductor may be used in a typical 1.5 T magnet, at a cost of 
about $200,000. Users must also have cryogenic appara¬ 
tus for replenishing the liquid helium and liquid nitrogen. 
With a typical superconducting magnet boiling off about a 
quarter liter of liquid helium per hour (at up to $8 a liter), 
the cost could be considerable. 

Another disadvantage is that superconducting magnets 
have a relatively large fringe field, extending up to 60 feet 
or more from the magnet. That requires elaborate shield¬ 
ing—typically adding hundreds of thousands of dollars to 
the siting cost—to prevent interference with nearby equip¬ 
ment, vehicles, furniture, and even the structural members 
of the building. The far-reaching field can also create un¬ 
usual hazards to workers and patients: Otherwise innocu¬ 
ous objects like hairpins, keys, and mechanical pencils fly 
toward the magnet as though shot from a rifle*—with the 
same deadly effect on whoever happens to be in the way. 


forces can affect objects up to 60 feet 
away. The field may also disrupt the 
functioning of nearby x-ray machines, 
CT scanners, and video equipment. 

There also remains the question of 
NMR’s safety. Extensive tests on ani¬ 
mals and humans have produced no 
evidence of physiological hazard. But 
because the technology is so new, and 
because harmful effects may take years 
to manifest themselves, cautious U.S. 
regulatory agencies have limited the 
magnetic field strength to less than 2 
tesla. As an additional safeguard, chil¬ 
dren and pregnant women are subject¬ 
ed to NMR imaging only when it may 



NMR may prove an important cardiac 
study tool via gating—eliminating 
blurred images of the beating heart by 
linking the scan to an electrocardio¬ 
gram. The lungs, aorta, and main cham¬ 
bers of the heart are clearly visible in 
this gated image. 


provide vital information not otherwise 
available. 

Yet the hazards may turn out to be 
minor—especially when compared 
with those of frequent exposure to x- 
rays, as with CT scans. (CT scanners 
have encountered a host of problems— 
most relating to unreasonably high ex¬ 
posure to ionizing radiation—resulting 
in at least 13 recalls since 1977.) 

As to whether NMR may soon replace 
CT, as some have suggested, the outlook 
is mixed. "Radiologists find the quality 
of NMR images outstanding, especially 
brain images, which have been promot¬ 
ed most often,” says Edwin Becker, as¬ 
sociate director for research services at 
NIH. "In many cases, they’re probably 
better than CT scans.” 

Image quality aside, however, there 
are areas in which NMR and CT are less 
apt to compete with each other. While 
NMR provides valuable information 
about the tissues’ chemical function, CT 
gives only structural data. "CT cannot 
differentiate between the white and 
gray matter in the brain, for example,” 
says Philips’s Tuithof. "It also misses 
certain tumors that are differentiated 
quite readily by magnetic resonance.” 
But although NMR yields high-resolu¬ 
tion images of the body’s soft tissues, it 
cannot now image bone, because of the 
latter’s low water concentration. Ortho¬ 
pedic patients will continue to require 
imaging systems such as CT scanners, 
at least until calcium and other major 
bone elements can be detected. There¬ 
fore it seems likely that the two types of 
imagers will be complementary tools 
(for institutions able to afford the luxu¬ 
ry of both, at any rate) rather than 
marketplace competitors. 

NMR imagers may also have an im¬ 
pact on ultrasound devices, at least in 


some settings. Working with aborted 
fetuses, NMR researchers have already 
attained a level of anatomical detail 
that equals or surpasses ultrasound. 
Here again, however, cost and size will 
probably be the deciding factors at most 
locations. While an ultrasonic device 
can easily fit into a doctor’s office and 
may cost mere thousands of dollars, a 
1.5-tesla NMR machine needs at least 
300 square feet of space, plus shielding 
and auxiliary equipment, at a total cost 
of more than a million dollars. As a 
result, ultrasound’s niche in obstetrics 
and gynecology seems secure for many 
years. Once NMR’s safety is established, 
however, it could be used to verify or 
rule out conditions that fall outside 
ultrasound’s capabilities. 

On balance, the potential uses of 
NMR imagers are undeniable, says GE’s 
Robb: "There’s no question that NMR 
diagnostics are going to keep improving 
over the next 20 years. Today the tech¬ 
nology is at about the same stage of 
development as x-rays at the turn of the 
century. Twenty years from now we 
will routinely be imaging the body’s 
interior and performing chemical anal¬ 
yses and blood flow measurements, able 
to see the difference in composition be¬ 
tween arterial and venous blood while 
it is flowing through the patient. In 
short, NMR’s impact on diagnostic 
medicine a few years down the road is 
far beyond anyone’s dreams today.” □ 

Franklin H. Portugal, a former senior 
staff fellow with the National Institutes 
of Health, writes frequently for techni¬ 
cal and popular magazines. 


For further information see BUSI¬ 
NESS OUTLOOK on next page and 
RESOURCES on page 78. 
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Magnetic resonance firms face slowdown 


Just when the stage was being set for 
the nuclear magnetic resonance (NMR) 
system market to take off, medical 
equipment suppliers have begun to ex¬ 
perience a downturn in sales. The 
downturn is the result of new federal 
regulations that limit the amounts 
hospitals can charge Medicare for 467 
categories of patient care. To compen¬ 
sate for any decrease in earnings the 
regulations might cause, the health 
care industry is temporarily cutting 
back on capital equipment purchases. 

Until spending resumes, NMR sup¬ 
pliers are being forced to sacrifice 
short-term profits for long-term re¬ 
wards. Rather than trying to sell their 
systems to price-conscious buyers, they 
are placing them either gratis or for a 
nominal fee. This strategy has been 
used with as many as 75% of the more 
than 200 NMR systems that have been 
installed so far and is expected to even¬ 
tually help spur the market on at a 
50% annual growth rate within the 
next six years. 

“The real promise of NMR may 
indeed lie in in-vivo spectroscopy. 
But it may take another ten years 
of research before that application 
is of clinical merit. 

James L. Carolan, President 
Nalorac Cryogenics Corp. 

NMR sales will increase from $90 
million this year to more than $1 bil¬ 
lion by 1990, predicts Wayne Fritzsche, 
an analyst with the market research 
and consulting firm Fritzsche Pam- 
bianchi & Associates (Somerville, 
N.J.). While the NMR market now ac¬ 
counts for only 1.2% of the total $5.4 
billion medical imaging market, it 
should represent more than 15% by 
the end of the decade. 

"Considering the current climate, 
it’s unlikely that hospitals are going to 
shell out as much as $1.2 million for an 
NMR system,” notes Fritzsche. "The 
only way suppliers will be able to gen¬ 
erate widespread interest in the de¬ 
vices is to do basic missionary work. 
They have to get their units installed— 
at any cost—in as many prestigious 



Carolan Glenn 


institutions as they can. That way 
they’ll reach the real movers and shak¬ 
ers in the industry who will influence 
buyers down the road.” 

By virtually giving their systems 
away, suppliers are getting more than 
exposure in return; they are also ac¬ 
quiring clinical data to help them bet¬ 
ter understand the range of capabili¬ 
ties that NMR provides. 

Although NMR’s ability to provide 
images of soft body tissues is well docu¬ 
mented, its spectroscopy applications 
are still uncertain. While imaging 
gives diagnosticians a cross-sectional 
view of a heart muscle, for example, 
spectroscopy provides more detailed 
information about the biochemistry of 
specific cells. "The more specific the 
information a physician has to work 
with, the more accurate a diagnosis he 
is able to make,” notes Arthur Glenn, 
general manager of the magnetic reso¬ 
nance department within GE’s Medical 
Systems Group (Milwaukee). 

Once NMR’s spectroscopy capabili¬ 
ties are better understood, the applica¬ 
tion could help drive the market. Now, 
however, it is confusing potential buy¬ 
ers who are hesitant to invest in a 
system that may be incapable of cellu¬ 
lar analysis. "No one wants to be 
locked into a machine that only does 
half the job,” says Fritzche. While im¬ 
aging can be handled by NMR units 
with field strengths as low as 0.3 tesla, 
researchers say that spectroscopy may 
demand more powerful machines, 
with field strengths ranging from 1.5 
to 3 tesla. 

More than 20 companies are scram¬ 
bling for positions in the NMR market, 
but a shakeout is going to eliminate 
most of them, contends George Stasen, 


president of the investment consulting 
firm Medical Technology Fund (Flour- 
town, Pa.). Among the larger market 
participants are GE, Johnson & John¬ 
son’s Technicare division (New Bruns¬ 
wick, N.J.), West Germany’s Siemens, 
the Netherlands’ Philips, and Japan’s 
Hitachi. Smaller vendors include Dia- 
sonics (Milpitas, Cal.), Brooker Instru¬ 
ments (Billerica, Mass.), Fonar (Mel¬ 
ville, N.Y.), Nalorac (Concord, Cal.), 
and Israel’s Elscint. 

Technicare and Diasonics currently 
have an edge in the market because 
they were the first to win Food and 
Drug Administration approval to sell 
their units for use on the general pub¬ 
lic. Fritzsche claims, however, that the 
eventual leaders will be the estab¬ 
lished medical equipment suppliers 
with the financial backing to weather 
losses until the market picks up. He 
predicts that GE will command the 
largest share, followed by Philips and 
Technicare. 

“While NMR systems require a 
hefty initial investment, they 
could help lower medical costs 
over the long term by speeding 
diagnosis, eliminating many 
expensive and dangerous explor¬ 
atory surgery procedures^ and 
reducing hospital stays. 

Arthur Glenn, General Manager 
Magnetic Resonance Dept. 

Medical Systems Group, GE 

"The only way for the smaller com¬ 
panies to survive will be to pick a niche 
that the larger players aren’t interest¬ 
ed in,” Fritzsche says. Nalorac, for ex¬ 
ample, plans to target its NMR systems 
for research applications and does not 
intend to go after the clinical diagnos¬ 
tic market. 

"The big guys want to channel 
all their research and marketing 
strengths into the larger clinical mar¬ 
ket and don’t want to divert their at¬ 
tention to smaller, less expensive ma¬ 
chines,” says Nalorac president Jim 
Carolan. "But there’s a sizable demand 
out there for research systems, and we 
feel we can make our greatest impact 
addressing that demand.”— F.J.C. 
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International 
joint ventures 

Unlike the steel, auto, and other ma¬ 
ture industries, in which tariffs dot 
the geopolitical landscape like smoke¬ 
stacks, most high technology indus¬ 
tries are relatively free of trade barri¬ 
ers. "But for a company with a product 
that it thinks might be useful to the 
overseas market, there are other barri¬ 
ers to local entry that may be just as 
imposing,” notes Kenneth Bosom- 
worth, president of International Re¬ 
source Development (IRD), a consult¬ 
ing firm in Norwalk, Conn. Such 
obstacles include unfamiliar language, 
culture, and business practices. 

So in order for U.S. companies to 
take advantage of the growing foreign 
market, international joint ventures 
are cropping up everywhere. By merg¬ 
ing their sometimes divergent skills 
and resources, companies can quickly 
establish themselves in new markets 
and gain access to technology that 
might not otherwise be available. 

Joint ventures, however, may face 
unusually complex problems. Main¬ 
taining them requires a daunting 
amount of work. With representatives 
of both companies on the board of di¬ 
rectors, forging a consensus can be 
difficult—especially when businesses 
from different cultures may have di¬ 
vergent expectations for the venture. 
Nevertheless, ^improved access to 


technology is a powerful incentive to 
joint ventures. "When you first start 
out, you look for a company with com¬ 
plementary technology,” says John 
Whyte, a pioneer in international joint 
ventures and chairman of Astronet, a 
new Florida-based joint venture in cel¬ 
lular radio (mobile telephone systems) 
with Mitsubishi. "Usually the project 
starts out as an idea with one or two 
people in your strategic planning de¬ 
partment. Then you look around to see 
who’s available, who isn’t, who’s al¬ 
ready preempted from dealing with 
you because of an arrangement with a 
competitor, and so forth.” 

In many cases joint ventures are not 
just advisable for getting into foreign 
markets—they’re mandatory. Coun¬ 
tries such as India require joint ven¬ 
tures in order to promote technology 
transfer from foreign to domestic in¬ 
dustry. But the flow of information 
does not always go from developed to 
developing countries. For example, 
Elxsi (San Jose, Cal.), a manufacturer 
of general-purpose computers, is tak¬ 
ing advantage of foreign technology 
via a joint venture. Elxsi joined with 
Tata, a $2.5 billion Indian conglomer¬ 
ate, and the Singapore government in 
an $8 million start-up manufacturing 
and marketing firm in Singapore. Tata 
has contributed its expertise in soft¬ 
ware engineering to the partnership. 

But Elxsi chose Tata, which owns 
slightly under 50% of the new firm, 
primarily for its access to foreign mar¬ 
kets. Tata’s name "gives us an im¬ 
mediate presence in that part of 
the world,” says Joseph D. 
Rizzi, Elxsi’s founder and 
president. 

In Mexico City, Cromemco 
(Mountain View, Cal.), a man¬ 



ufacturer of multiuser computer sys¬ 
tems, recently set up a small joint- 
venture assembly operation, of which 
51% is owned by Mexican interests. 
"You’re not allowed to ship products 
into Mexico without such a partner¬ 
ship. Apple Computer recently formed 
one down there too for similar rea¬ 
sons,” reports Harry Garland, Cro- 
memco’s founder and president. The 
U.S., for its part, imposes few restric¬ 
tions on joint ventures—other than 
Commerce Department controls on ex¬ 
port of technology to the Soviet bloc. 

Once established outside the U.S., 
American companies can tap new fi¬ 
nancial resources. Elxsi’s decision to 
open the plant in Singapore, Rizzi says, 
allowed the company to draw on local 
Asian investors for needed capital— 
"resources that we previously didn’t 
even know were there.” 

Alternatively, a U.S. firm may seek 
out foreign companies because they 
can offer services unavailable in the 
U.S. In 1982, for example, General 
Motors and Fujitsu Fanuc formed GM- 
Fanuc (Troy, Mich.), primarily to 
provide industrial robots for GM’s far- 
flung auto empire. There may have 
been "some concern” at first about 
teaming up with a Japanese partner, 
says GM-Fanuc president Eric Mittel- 
stadt, but in 1981 GM had no choice. 
The automaker would need 14,000 ro¬ 
bots by the end of the ’80s. "At the 
time, we did not see a robot vendor that 
could provide those kinds of numbers,” 
he says. So GM, which had already 
developed several robots in-house, ap¬ 
proached Fanuc. Started with $10 mil¬ 
lion in seed capital, GM-Fanuc could 
post $70 million in sales by year’s end, 
making it the leader in the emerging 
U.S. robot marketplace, according 
to market researchers at Prudential- 
Bache (New York). GM-Fanuc has al¬ 
ready outstripped its parents’ expecta¬ 
tions. "By the end of 1985,” Mittelstadt 
predicts, "no more than half our sales 
will be automotive-related.” The joint 
venture, he says, has "more than dou¬ 
bled Fanuc’s robot output since the 
formation of the company.” 

Some U.S. companies, however, are 
voicing concerns about potential anti¬ 
trust violations. In addition to GM- 
Fanuc, GM also recently set up New 
United Motor Mfg. (Fremont, Cal.), a 
50-50 joint venture with Toyota to 
build subcompacts. Chrysler promptly 
challenged the formation of the new 
company before the Federal Trade 
Commission. "Our objection from day 
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one is that this joint venture is a merg¬ 
er between the number one and the 
number three automakers in the 
world,” a Chrysler spokesman says. 
"That’s not good for the economy, and 
that’s not good for the industry.” Al¬ 
though the FTC subsequently ruled in 
GM’s favor, a federal district court 
judge in Washington, D.C., has since 
decided that Chrysler is entitled to 
appeal the FTC ruling. "We hope to 
have this issue resolved by the end of 
the year,” a Chrysler official said. 

Although many joint ventures pose 
no threat of antitrust violations, there 
are other potential problems. Both 
companies must agree on the ground 
rules of the partnership and on their 
future plans. In many cases the firms 
ought to sign a "prenuptial agree¬ 
ment,” suggests Anthony Marolda, a 
management consultant on joint ven¬ 
tures for Arthur D. Little (Cambridge, 
Mass.). "Typically, these joint ventures 
are 50-50 deals with a board of direc¬ 
tors that’s split down the middle,” 
Marolda says. "When the board dis¬ 
agrees, that’s when you run into trou¬ 
ble.” So it’s important to have a bail¬ 


Surface mounting 
shrinks electronic 
packaging 

Many believe that surface mount tech¬ 
nology is one of the most significant 
developments in electronic packaging 
since the invention of the printed 
circuit board; every segment of the 
industry, from consumer electronics 
through computers to the highest-reli- 
ability military equipment, is being 
reshaped by its introduction. Surface 
mounting allows an integrated circuit 
(IC) package to be shrunk by a factor of 
three or more. Manufacturing cost, re¬ 
liability, and electrical performance 
are also vastly improved. 

A printed circuit (pc) board is essen¬ 
tially a means of simultaneously con¬ 
necting all the components of a fiber¬ 
glass or paper-based support on which 
layers of conductive copper have been 
etched. Conventionally, the wire leads 
of individual components are inserted 
through holes in the board and sol¬ 
dered to copper traces. But in surface 
mounting, components are soldered di¬ 
rectly to the board. 

However simple this change might 
appear, its effects are far-reaching. For 


out plan ahead of time. 

After the planning comes a lot of 
hard work—perhaps more work than 
either partner anticipates. "If you can 
do it with a wholly owned subsidiary, 
do it,” advises Earl Wantland, pres¬ 
ident of Tektronix (Portland, Ore.), 
a manufacturer of instrumentation 
equipment. "Joint ventures generally 
take a heck of a lot of management 
energy, compared to an equivalent¬ 
sized wholly owned operation.” 

Wantland’s experience comes from 
Tektronix’s pioneering joint venture— 
begun in 1964 with SONY/Tek—a To¬ 
kyo-based partnership to manufacture 
and market test-and-measurement 
equipment in Japan. At the time, 
Wantland recalls, Tektronix was "be¬ 
ing squeezed out of the market” by 
government controls on foreign curren¬ 
cy; paperwork and delays were paralyz¬ 
ing the company’s sales efforts. "The 
only real alternative,” he says, "was a 
joint venture.” Tektronix teamed up 
with Sony, and today, Wantland re¬ 
ports, SONY/Tek has sales "in the 
neighborhood of $100 million.” 

But the partnership "gobbles up 


more time and energy and resources 
than most people would imagine,” 
Wantland says. "I travel to Japan 
twice a year for board meetings, and I 
have two executive vice-presidents and 
one vice-president who also have to 
shuffle back and forth.” Unlike wholly 
owned operations, it is difficult to dele¬ 
gate responsibility for strategic direc¬ 
tion to middle-level management. 

Many partnerships look good on pa¬ 
per, warns IRD’s Bosomworth, but af¬ 
ter a few years of wrangling, they’ll die 
on the vine. They are only successful, 
adds A. D. Little’s Marolda, if both 
companies know what they’re getting 
into. A Japanese company, for exam¬ 
ple, is typically willing to accept much 
lower profits during its start-up phase 
than its American counterpart, he 
points out. And if the two parties don’t 
forge initial agreements about such 
concerns as return on investment, the 
partnership can quickly split. 

"A joint venture is a little like a 
marriage,” Mittelstadt says. "It works 
out best when both partners think 
they’re getting the better part of the 
deal \3—AI Furst 


example, in traditional printed-circuit 
fabrication, the wire leads have to be 
fairly large to survive insertion. More¬ 
over, a practical minimum distance 
between adjacent leads is 0.1 inch; it 
is this spacing requirement that de¬ 
termines the size of the IC package. 


When the industry-standard dual-in¬ 
line package (DIP) was developed, ICs 
were relatively simple and required 
few leads. As ICs became more com¬ 
plex, the number of leads multiplied. 
Only a few years ago, there was little 
need for packages with more than 16 



Through-hole technology 

Integrated 


Surface mount technology 



Surface mount technology does away with the wire leads from individual electronic 
components and hence the need to drill holes in the printed circuit board. The result 
is a much smaller package that is also less expensive to manufacture. Surface mount¬ 
ing is accomplished as follows: Solder paste is silkscreened onto the bare pc board, 
and the paste holds the components firmly in place until soldering is complete. 
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leads, yet packages with 100 or more 
leads are now common. The DIP has 
thus become painfully inefficient. A 
circuit occupying only /* square inch of 
silicon might require a package 15 
times larger simply to accommodate 
the leads. 

Hence surface mount technology is 
being embraced by electronics manu¬ 
facturers. The technology seems poised 
to sweep through the industry. "In five 
years, over 90% of all electronic manu¬ 
facturers will be using some form 
of surface mounting,” predicts Don 
Brown, president of the consulting 
firm D. Brown Associates (Warrington, 
Pa.). According to North American 
Philips’s SMD Technology Center (Mil¬ 
waukee, Wis.), surface mounting 
should account for over half the print¬ 
ed circuit sales by the end of the de¬ 
cade—almost four times its present 
market share. Over the same time 
span, shipments of surface mount com¬ 
ponents will grow from 30 billion to 
100 billion units. 

While several surface mount tech¬ 
niques have been devised, the most 
widely used method is "solder reflow.” 
This method involves three basic steps: 
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Hewlett-Packard was able to cut the size 
of its spectrum analyzer board in half 
by mounting components directly 
onto the surface of the IC board. 


applying a solder paste, placing the 
components on the pc board, and melt¬ 
ing the solder (reflow). 

The solder paste, which consists of a 
resin flux impregnated with small nod¬ 
ules of solder, is applied only where the 
components are to be mounted. This is 
accomplished by placing a silkscreen 
or stencil over the pc board. The paste 
is tacky enough to hold the compo¬ 
nents in place until soldering is com¬ 
plete. Of the several reflow techniques 
available, vapor phase soldering is 
emerging as the best candidate. It pro¬ 


vides more flexibility than either ther¬ 
mal conduction or infrared soldering. 

Developed by Western Electric in 
the early 1970s, vapor phase soldering 
provides excellent temperature con¬ 
trol. First a fluorine compound is heat¬ 
ed to its boiling point (419° F). Then the 
cool pc board is immersed in the boil¬ 
ing vapors, which condense, heating 
the board and melting the solder. The 
liquid’s singular boiling point ensures 
precise control of the soldering temper¬ 
ature. Yet vapor phase soldering has 
its drawbacks. The fluorine compound 
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costs $600 a gallon and gives off envi¬ 
ronmentally harmful vapors, so pre¬ 
cautions must be taken to prevent 
evaporation. 

The Japanese were the first to capi¬ 
talize on the many advantages of sur¬ 
face mounting. In the late ’70s they 
began incorporating surface mount re¬ 
sistors and capacitors into a variety of 
commercial products, from video cam¬ 
eras to portable stereos. In the U.S., 
military applications got first call be¬ 
cause of the keen interest here in im¬ 
proving the reliability of increasingly 
sophisticated electronic hardware, as 
well as reducing its size and weight. 
Rockwell International (Cedar Rapids, 
la.) was one of the earliest U.S. compa¬ 
nies to go the surface mount route. By 
using surface mount techniques in an 
aircraft transceiver, Rockwell engi¬ 
neers were able to increase board den¬ 
sity sixfold. Martin Marietta (Orlando, 
Fla.) is also using a surface mount 
approach in the LANTIRN tactical nav¬ 
igation system it is developing for Air 
Force fighter aircraft. In fact, the com¬ 
pany built a $6 million facility to dem¬ 
onstrate the cost-saving and size-re¬ 
ducing potential of this technology. 

These successful military applica¬ 
tions are now driving commercial 
manufacturers to take a hard look at 
this new technology. General Motors, 
for example, has adopted it for car 
radios and electronic ignition systems. 
Kodak has applied the surface mount 
approach to its disc camera product 
line. And many other companies, in¬ 
cluding Xerox, Motorola, and Hewlett- 
Packard, are turning to surface mount¬ 
ing for various new products. 

Electronic components specially de¬ 
signed for surface mounting are now 
available from dozens of manufactur¬ 
ers. And the number of component 
types available in surface mount form 
has mushroomed in the past year, from 
roughly 5000 to over 18,000. Motorola, 
Texas Instruments, Signetics, NEC, 
and National Semiconductor are but a 
few of the major suppliers now com¬ 
mitted to surface mount technology. 

The technology is growing so fast, in 
fact, that manufacturers have an ur¬ 
gent need to standardize components. 
Packages from the different suppliers 
are incompatible in many areas. Stan¬ 
dardization is particularly crucial for 
integrated circuits, where at least four 
different package styles are competing 
for market share. Competitive pres¬ 
sures will undoubtedly force manufac¬ 
turers to adopt a common format with¬ 
in the next few years. P , | A< 

—Stephen W. Hinch 
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art.” High Technology, Nov./Dec. 1982. 
Descriptions of four types of imaging 
methods, including NMR. 

"Magnetic resonance imaging: clinical 
utility takes shape.” Diagnostic Imaging 
(San Francisco), Feb. 1984. Two physi¬ 
cians’ views, written in nontechnical 
terms, on NMR’s proper role and its prob¬ 
able niche in diagnostic imaging. 

"Exploring inner space.” 1983. General 
Electric Co., PO Box 414, Milwaukee, WI 
53201. An easy-to-read summary of NMR 
technology. 

Radiology (Oak Brook, IL), Nov. 1983. Spe¬ 
cial issue with abstracts of technical pa¬ 
pers presented at the meeting of the 
Radiological Society of North America, 
including several presentations on NMR. 

"NMR imaging in medicine.” Ian L. Pykett. 
Scientific American, May 1982. A read¬ 
able, somewhat outdated description of 
NMR theory and practice. 
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SCIENCE SCOPE 


In designing and making a satellite part entirely via computer, Hughes Aircraft Company developed 
what may be a first in computer-aided design/computer-aided manufacturing. The part is a launch 
lock pivot plate for the Intelsat VI communications satellite. (The plate keeps the inner and outer 
sections of the spacecraft together until it is time to begin the spun/despun operation in space. This 
operation stabilizes the satellite in orbit.) The plate was designed on a CADAM system and made on a 
computerized milling machine driven by a ComputerVision system. Because CADAM lacks the ability 
to run milling machines without extensive manual manipulation, engineers developed a custom 
translator. This new programming allowed CADAM data to be understood by ComputerVision and, 
in turn, by the milling machine. The use of CADAM and ComputerVision in tandem is believed to 
be an industry first. 

Heat pictures are screening printed circuit boards for such defects as open or short circuits and failed 
components. The Automatic Infrared Test & Inspection System (AITIS) uses a cooled, 60-element 
infrared detector to create a high-resolution thermogram. A computer isolates faults by comparing a 
tested board with a master thermogram stored in computer memory. Components that appear too warm 
or too cool are shown in color-coded temperatures on a video monitor. As a complement to automatic 
test equipment, AITIS saves time and money. Hughes developed AITIS under its independent research 
and development programs and contracts with the U.S. Army Missile Command and U.S. Air Force. 

An advanced military communications satellite network will let U.S. bombers and airborne command 
posts remain in continuous contact with designated ground and naval stations anywhere in the world. 
The new MILSTAR network will consist of satellites in various orbits and hundreds of terminals 
aboard aircraft, ships, submarines, and in ground units and command centers. Hughes is designing 
survivable, secure, and jam-resistant terminals for B-l and B-52 bombers, E-3A Airborne Warning and 
Control System (AWACS) early-warning aircraft, E4 command post aircraft, VC-137 “Air Force 1,” and 
other aircraft involved in the Air Force portion of the joint services network. 

Some of the fastest digital integrated circuits yet built have been demonstrated at Hughes. The circuits, 
made of gallium arsenide, are biphase clock flip-flops configured to perform frequency division. They 
were operated at frequencies up to 5.77 GHz, the highest division speed yet reported for integrated 
circuits operating at room temperature. The circuits were fabricated by electron-beam lithography 
(using a Hughes system) to produce gate lengths of 0.5 micrometers in the MESFET switching 
transistors. These gallium arsenide devices could be used in very-high-frequency signal processing 
or as interfaces to more complex chips, including Very High Speed Integrated Circuits. 

Career growth opportunities exist at Hughes Support Systems for a variety of engineers qualified by 
degree or extensive work experience. They include systems engineers, radar engineers, and software 
and hardware design engineers for major simulation and test equipment programs. Also, field 
engineering posts throughout the U.S. offer travel, autonomy, and responsibility for the life cycle of 
Hughes electronics systems. Please send your resume to Lowell Anderson, Professional Employment, 
Dept. S2, Hughes Aircraft Company, P.O. Box 9399, Long Beach, CA 90801-0463. Equal opportunity 
employer. U.S. citizenship required. 


For more information write to: P.O. Box 11205, Marina del Ftey, CA 90295 
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INVESTMENTS 


IN-OFFICE DIAGNOSTICS 
SET FOR GROWTH 


Start-ups endure 
short-term losses 
for future gains 

The investment community is now 
shying away from medical-equipment 
stocks as a result of a downturn in 
spending in the health-care industry. 
Pressure from consumers, insurers, 
and the federal government is forcing 
the industry to be more discriminating 
in its capital-equipment purchases as 
a means of containing skyrocketing 
medical costs. 

The market is expected to pick up 
again, however, as the medical com¬ 
munity looks for tools that increase 
the efficiency of health-care delivery. 
While medical service and equipment 
costs now represent 10.5% of the gross 
national product, they are projected to 
account for 12.3% by 1990. 

Among the medical-equipment sup¬ 
pliers positioned for growth are mak¬ 
ers of inexpensive diagnostic tools that 
analyze blood and urine chemistries or 
monitor organ functions in the physi¬ 
cian’s office. Priced from $5000 to 
$15,000, these devices could play inte¬ 
gral roles in helping the health-care 
industry speed diagnoses while reduc¬ 
ing spending. 

The bulk of chemical testing is now 
performed by hospitals on machines 
costing as much as $500,000. Hospital 
labs charge physicians $4 to $6 for each 
test and take as long as a week to 
process and return results. Emerging 
in-office analyzers, however, provide 
immediate results at a cost of about 
40f* per test. 

Most of the companies supplying di¬ 
agnostic systems for doctors are still in 
the start-up stage and consequently 
show depressed or flat earnings. But 
these earnings should improve over 
the next two years, once capital spend¬ 
ing within the medical arena resumes. 
While in-office systems now represent 
a negligible share of today’s $2 billion 
diagnostic market, they could account 
for as much as 10% of the $4 billion 


by George J. Stasen 


market projected for 1990. 

Three companies whose product 
lines best exemplify the technologies 
available for in-office diagnosis are 
Electro-Nucleonics, Genetic Systems, 
and OCG Technology. 

Electro-Nucleonics (Fairfield, 
N.J.; OTC) unveiled its Gemstar blood- 
analysis machine in mid-1982. Priced 
at $12,000, the device allows physi¬ 
cians to perform 21 preprogrammed 
tests that check for diseases ranging 
from diabetes to gout. A 12-test profile 
can be performed in 16 minutes by a 
doctor or nurse who has had little or no 
training. Since Electro-Nucleonics 
first introduced Gemstar, more than 
1000 units have been installed. 

The company also offers two clinical 
chemistry systems that are marketed 
to medium-sized hospitals and com¬ 
mercial laboratories. Complementing 
Electro-Nucleonics’ blood-analyzer 
sales is its captive consumable re¬ 
agents business, which has been grow¬ 
ing at a 40% average annual rate and 
now accounts for over half of total 
revenues. 


The diagnostic 
equipment market is 
expected to pick up as 
the medical commu¬ 
nity looks for tools 
that increase the effi¬ 
ciency of health-care 
delivery. 


In fiscal ’83, ended June 30, Electro- 
Nucleonics posted a net income of 53^ 
a share on revenues of $43 million. The 
company expects to show earnings of 
25 ? a share on revenues of $50 million 
in fiscal ’84. Electro-Nucleonics attrib¬ 
utes the decline in earnings to mechan¬ 
ical problems associated with its latest 
mid-size clinical analyzer. The compa¬ 
ny’s earnings estimates for fiscal ’85 
are more buoyant, however: 55? a 


share on revenues of $60 million. 

Genetic Systems (Seattle; OTC), a 
bioengineering supplier, is working in 
joint ventures with such instrumenta¬ 
tion firms as Syntex (Palo Alto, Cal.) 
and Applied Biosystems (Foster City, 
Cal.) to develop diagnostic tools based 
on DNA probes and monoclonal anti¬ 
bodies. With Syntex the company 
plans to offer a device that tests for 
breast, lung, prostate, and colon can¬ 
cers as well as leukemia. Both Genetic 
Systems and Applied Biosystems have 
patents pending on a system that iden¬ 
tifies bacterial and viral infections and 
chronic illnesses. 

Now losing money, Genetic Systems 
is supporting its product development 
efforts through contract research. For 
the year ended December 31, ’83, the 
company garnered contract revenues 
of $3.9 million and interest income of 
$2.5 million but showed a net loss of 8? 
per share. In ’84, Genetic Systems 
should show a net loss of 7? per share 
on contract revenues of $6 million and 
interest income of $2.8 million. The 
company expects to pass the break¬ 
even point in ’85. 

OCG Technology (New York; OTC) 
is offering an $11,500 instrument that 
enhances the diagnostic capabilities of 
electrocardiograms and that is intend¬ 
ed for use by primary physicians for 
preliminary screening applications. 
While EKGs are effective in diagnosing 
heart ailments in patients undergoing 
physical stress—running on a tread¬ 
mill, for example—the devices have a 
50% failure rate in detecting problems 
in patients at rest. OCG’s Cardiointe- 
graph processes EKG signals from re¬ 
laxed patients in such a way that dif¬ 
ferences between healthy and 
abnormal heart function can be better 
determined. 

At the end of fiscal ’83 (June 30), OCG 
showed a net loss of 12? per share on 
revenues of $900,000. In ’84, the com¬ 
pany should post a loss of about lb? per 
share on revenues of $2 million. Look¬ 
ing ahead to ’85, OCG projects revenues 
of $7 million and earnings per share of 
55? to 70?. □ 


George J. Stasen is chairman of the board 
of the investment consulting firm Medical 
Technology Fund (Flourtown, Pa.). 
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Price cuts rock 
PC market 

By slashing the prices of its PC line by 
18-23% in June, IBM confirmed suspi¬ 
cions along Wall Street that growth 
within the home/personal computer 
market is slowing. Analysts claim that 
IBM cut prices not only because sales of 
its PCjr were below expectations but 
also because the company’s production 
capacity had caught up with demand. 

During the first six months of ’84, 
major declines had been seen with¬ 
in the High Technology Stock Index 
among such personal computer suppli¬ 
ers as Coleco (32 to 14/2), Commodore 
(41 to 14), and Tandy (43 to 27). The 
IBM move, however, raised concern 
about the earnings capabilities of oth¬ 
er vendors, including Eagle, Columbia 
Data Systems, KayPro, and Compaq. 
To remain competitive in the market, 
these makers of IBM-compatible ma¬ 
chines are being forced to cut prices, as 
well as profit margins, on their prod¬ 
ucts. While lower margins will not 
dent IBM’s earnings, they could have a 
big effect on smaller suppliers. 

The price/earnings ratios (P/Es) 
of most high technology stocks were 
more than 50% lower in May than 
when the market peaked a year earli¬ 
er. The reasons for the downturn have 
been detailed ad nauseum: the huge 
federal deficit, rising interest rates, 
and inflation. But in the spring a new 
factor arose: One of the nation’s 10 
largest financial institutions—Con¬ 
tinental Illinois—announced it was 
having trouble honoring its debts. 
Although the Federal Deposit Insur¬ 
ance Corporation stepped in with assis¬ 
tance, the situation put the stability of 
other banks into question. 

The High Technology Index fell a 
precipitous 8% in May, from 1105.9 to 
1017.9. The Dow Jones Industrials fell 
5.7%; the S&P 500,6%. 

Among the worst individual per¬ 
formers during the month were tele¬ 
communications supplier Tie Commu¬ 
nications (17 to 12), office automation 
supplier Lee Data (13 to 9), and test 
equipment supplier Sun Electric (13 to 
9). One of the largest gains was logged 
by computer services supplier EDS (27 
to 35), which began negotiating with 
General Motors for a possible acquisi¬ 
tion or joint venture. 

The High Technology Stock Index 
was developed by Bud Anderson, edi¬ 
tor and publisher of High Technology 
Growth Stocks, a monthly investment 
newsletter (402 Border Rd., Concord, 
MA 01742). A list of companies in the 
index is available upon request. □ 


Dow High HIGH TECHNOLOGY STOCK INDEX Standard 
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Y// Accurate analysis of 
/ complex materials is a routine 
/ matter, thanks in large part to 
' leak-tight containment and repeatable 
control of carrier gases and solvents 
in the chromatograph. 

Although chromatography experiments 
were reported some 50 years earlier, it was not 
until 1955 that elution chromatography became 
an established tool in most laboratories. 

Since then, chromatographers have 
depended on these valves and fittings to keep 
pace with their advancing techniques, 
capabilities and equipment. They are the 
valves and fittings which are teamed with 
the technology of analytical 
chemistry for the benefit of 
. all industry. / 




The most 
Respected 
Names in 
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ATTENTIVELY HYA 


At Hyatt, we have a special welcome 
waiting every time you arrive. Because 
people who expect the best from them¬ 
selves expect a lot from their hotel. 

We usher you through check-in 
without a moment wasted. We’ll clean 
and press your suit and have it back 
before evening. From our famous 
room service, we'll send up a meal as 
thoughtfully prepared as any in town. 
And with our express check-out service, 
you never have to wait. Just drop off 
your key and you're on your way. 

When you're our guest, special 
treatment is something you learn to take 
for granted. An attentive touch of Hyatt. 
Don't you WISH 

YOU WERE 
HERE 


ATLANTA 


Discover magnificent Peachtree Center, 
15 minutes from Atlanta International 
Airport. 

CHERRY Htt.L 

Located on scenic Cooper River, Hyatt 
Cherry Hill is 10 minutes from Phila¬ 
delphia, 1 hour from Atlantic City. 

CHICAGO O’HARE 
Hyatt has the city’s vitality with the 
advantages of airport location. 

NEW BRUNSWICK 
In Central New Jersey, across from 
Johnson & Johnson World Headquarters, 
near Rutgers University. 


Two miles from Princeton University, 
midway between Philadelphia and New 
York City 

Hyatt© Hotels 

For reservations, call your travel planner 
or8002289000. ©1984 Hyatt Hotels Corp. 







